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PREFACE 


In recent years, the chemistry of organic electron transfer 
reactions and radical anion intermediates in various organic and 
organometallic transformations has gained immense significance. 
Many reactions which formally appeared in the earlier literature 
to proceed by ionic or unknown pathways have been conclusively 
proved to involve electron transfer free radical mechanisms. 
Reports during the past few years, particularly from the labora- 
tories of Professors, G.A. Russell, N. Kornblum, J.F. Bunnett, 

E.C. Ashby, R.K. Norris, G.D. Sargent, S. Bank, J.F. Garst, J.K. 
Kochi, R. A. Rossi and W.A. Pryor have added newer dimensions to 
the fast developing field of electron transfer reactions. Radical 
anion intermediates produced as a consequence of electron transfer 
or coupling between radicals and anions are now found to intervene 
in a large variety of organic and organometallic reactions. A new 
mechanistic class of reactions symbolized by S^i has emerged. 

This thesis entitled, "New Electron Transfer Pathways in 
the Reactions of Organic Onium salts and Organomercuric Halides" 
presents novel mechanistic findings and describes several 
Important aspects of electron transfer mechanisms of reactions 
broadly classified under four categories, namely (i) the reactions 
of diaryllodonium cations with ambident 2-nitropropanate anion, 

(ii) autoinitiated and induced dediazoniations with ambident 
nitrite and 2-nitropropanate anions, (iii) the reactions of arena* 
diazonlum cations with Grignard reagents, and (Iv) reductive 
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demercuration and symmetrization of ora anomer curie halides by 
sodium naphthalene and lithium aluminium hydride. The subject 
matter of this thesis has been divided into six chapters. The 
first chapter deals with a general review on "Electron Transfer 
Reactions and Radical Anion Intermediates, " based on the exist- 
ing literature. Each of the Chapters II through V has been 
further subdivided into (1) Abstract, (2) Introduction, (3) 

Results and Discussion, (4) Experimental, and (5) References. 
Introduction to each chapter covers a brief literature survey 
pertinent to the topic under consideration. Sequential number- 
ing of schemes, equations, tables, figures, structures, and 
references has been repeated for every chapter. 

, Chapter II presents mechanistic studies on the reactions 

of diphenyliodonium bromide, phenyl-p-tolyliodonium bromide and 
phenyl-p-anisyliodonium bromide with lithium 2-ni tropropan-2-ide. 
Simultaneous occurrence of electron transfer .initiated radical 
cage collapse and chain mechanisms have been proposed for the 
formation of aryl ated nitroparaf fins on one hand and aromatic 
hydrocarbons, bi aryls and formaldehyde on the other. 

The reactions of arenediazonium f luoroborates, viz. benzene- 
diazonlum fluoroborate, p-nitrobenzenediazonium fluoroborate and 
p-methoxybenzenediazonium fluoroborate with sodium nitrite as 
well as lithium 2-nitropropan-2-ide form the subject matter of 
Chapter III. The reactions of arenediazonium cations with 
ambident nitrite ions have been shown to occur via a radical 
nucleophilic substitution mechanism initiated by a single 



electron transfer from the nitrite ion to the jx* MO of the arene- 
diazonium cation. A similar autoin i tiated electron transfer 
mechanism in which free radicals intervene has been proposed for 
the reaction of highly oxidizing p-nitrobenzenediazonium fluoro- 
borate with ambident 2-n,itropropanate anion. A new example of 
an entrainment process in the Cu(l) induced electron transfer free 
radical reactions of benzenediazonlum cation and p-methoxybenzene- 
diazonium cation with 2-ni tropropanate anion has been identified. 

In Chapter IV, the reactions of five arenediazonium fluoro- 
borates p-R-C 6 H 4 -N=NBP“ ( R = H, NO^, CH 3 0, CH 3 CO and CH 3 ) with 
benzyl magnesium chloride as well as tert.butylmagnesium chloride 
have been examined in detail. The major mechanistic pathway in 
these reactions has been found by chemical and ESR studies to 
involve an electron transfer from the Grignard reagent to the 
3 t-system of the arenediazonium . cation. Radicals have been 
found to serve as the immediate precursors of the final products. 

Studies on the reductive demercuration and symmetrization 
of a few organomercuric halides, viz, ben zylmer curie chloride, 
phenylmercuri c chloride, p-tolylmercuric chloride and p-nitro- 
phenylmercuric chloride with sodium naphthalene as well as 
lithium aluminium hydride, constitute the subject matter of 
Chapter V. Novel electron transfer free radical mechanisms have 
been elucidated for these reactions. 

A summary of the main results and conclusions constitutes 
the subject matter of Chapter VI. Most of the work described in 
this thesis has been summarized in the undermentioned papers. 
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some of which have also been discussed at National and Inter- 
national conferences. 

(1) P.R. Singh, Ramesh Kumar and R.K. Khanna, "Radical nucleo- 
philic substitution mechanism in the reactions of arene- 
diazonium cations with nitrite ions, " Tetrahedron Letters, 

23 (49), 5191 (1982). 

(2) P.R. Singh and R.K. Khanna, "Simultaneous occurrence of 
electron transfer initiated radical cage collapse and chain 
mechanisms in the reactions of di aryl i o don i um cations with 
2-ni tropropanate anion," Tetrahedron Letters, 23 (50), 5355 
(198 2) . 

(3) P.R. Singh, R.K. Khanna and B. Jayaraman, "Electron transfer 
free radical mechanisms in the reactions of arenediazonium 
cations with Grignard reagents," Tetrahedron Letters, ,23(51), 
5475 (1982). 

(4) P.R. Singh and R.K. Khanna, "Simultaneous occurrence of 
electron transfer initiated radical cage collapse and chain 
mechanisms," Handbook, 3rd International Symposium on Free 
Radicals, Freiburg, West Germany, August 1981, pp. 234. 

(5) R.K. Khanna and P.R. Singh, "Sodium naphthalene induced 
symmetrization of arylmercuric halides, " Handbook, Sixth 
National Symposium on Organic Chemistry, Calcutta, India, 
March 1982, paper No. CP. 15, p. 20. 

(6) P.R. Singh, R.K. Khanna and B. Jayaraman, "Electron transfer 
free radical mechanisms in the reactions of arenedi azonium 
salts with Grignard reagents," Bull. Soc. Chim. Belg., 91 , 

458 (1982) : Proceedings, Sixth IUPAC Conference on Physical 
Organic Chemistry, Louvain-LA-Neuve, Belgium, July 1982. 

(7) P.R. Singh and R.K. Khanna, "Sodium naphthalene induced 
reductive demercuration and symmetrization of organomer- 
curic halides," Tetrahedron Letters, 24, 000 (1983 ) ; 
Accepted. 
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(8) P.R. Singh and R.K. Khanna, "Electron transfer mechanism in 
lithium aluminium hydride reduction of or ganomer curie 
halides," Tetrahedron Letters, Communicated (December 1982). 

It is suggested that the importance as well as occurrence 
of electron transfer reactions involving radical anion inter- 
mediates in organic chemistry and also in biochemistry may be 
much more than previously ever thought. 

Particular care has been taken to give due credit to the 
work reported by other authors in the literature. The author is 
fully responsible for purely unintentional oversights and errors 
which could be traced herein. 
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CHAPTER I 


ELECTRON TRANSFER PROCESSES 
AND RADICAL- AN ION INTERMEDIATES 


I. 1 Introduction 

Electron transfer processes and radical-anion inter- 
mediates in organic reactions have been known for well over a 

i 

century. The first report on radical- anions by Berthelot and 

2 

the subsequent observation made by Bechman and Paul on their 

existence/ went unacclaimed for over fifty years. The statement 

made by Kenner 3a that "radicals rather than ions are produced 

3b 

more frequently than is usually realized" and his suggestion 
in 1945 that organic reactivity should be recognized in terms 
of oxidation and reduction processes, was not given due atten- 
tion until about fifteen years back when Professors G.A. Russell/ 
N. Kornblum and J.F. Bunnett provided experimental evidence in 
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favour of electron transfer processes involving radical-anion 
intermediates in several reactions formally classified under 
nucleophilic displacements. Since then, pioneering researches 
of Professors M. Szwarc, G.D. Sargent, J.K. Kochi, W.A. Pryor, 

S. Bank, J.F. Garst, R.O.C. Norman, E.C. Ashby, A.J. Birch, H.O. 
House, J.A. Wolfe, J.A. Marshall, R.A. Rossi and several other 
eminent scientists have significantly contributed to this fast 
developing area of immense chemical and biochemical interest. 

A chemical, photolytic or electrolytic single electron 
reduction of an appropriate molecule may lead to the formation 
of a radical-anion (Eq. l) : 

*** 

XY + e” » XY . . (1) 

The new odd electron species with an overall negative charge, 
may undergo various types of reactions outlined in Scheme 1.1: 

SCHEME I. 1 



A wide variety of chemical species are known to act as 

4-13 

donors in electron transfer reactions. For example, metals. 
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organometallic reagents and carbanions , 14- 28 anions, 26-32 metals 

3 2—40 41—47 

in their lower oxidation states, Lewis bases, and 

alkyl radicals, 48 ' 48-6 ^ are known to transfer electrons to appro- 

52—54 

priate substrates. Carbonium ions, metal ions in their 

oc ctr C 7 5 b* 58—64 

higher oxidation states, * ~ aromatic hydrocarbons, 

65_67 7, 68, 69 

molecules with electronegative substituents, and radicals 

accept electrons to produce corresponding radicals, metal ions 
in lower oxidation states, radical- anions or anions, when energy 
requirements are satisfactorily met. 

Production of radical- anions and their reactions have been 

extensively reviewed . 70-82 Recently ESR, 83-88 uv, 87,88 and 
80 

CIDNP studies have gained popularity as important tools for 
the investigation of radical- an ions. 

1.2 Reductions via Single Electron Transfer From Metals 

The observation of an intense blue coloration in the 

reaction of sodium metal with benzophenone under nitrogen atmos- 

o 

phere first by Bechman and Paul ' formed the basis of extensive 

studies on metal ketyls. The free radical nature of metal 

90—97 

ketyls was established by subsequent investigations. 

94 95 97 

Magnetic susceptibility measurements ' ' led to the conclu- 

sion that ketyl radicals are in equilibrium with diamagnetic 
pinacolate species (Eq. 2) : 


Ar 

I 


Ar. 

Ar — 

c «*** 0 

: ^c* — O - 


1 

Ar'"' 

Ar— 

■C — 0” 


Ar 
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98—104 

Now a wide variety of organic substrates are known 

to be reduced by solutions of alkali metals, as well as calcium, 

1 0R AOfs 

magnesium, zinc and iron in liquid ammonia, * A low molecular 
weight amines or ethers like EME and THF. 1 ^ Such 

n: 

reactions are now understood as internal electrolytic reductions 
in which an electron is transferred from the metal surface or 
the metal in solution to the organic molecule under considera- 
tion . 

Reduction of several organic compounds of the type ^C=X, 
where X can be N-, 0, C and S, has been accomplished by the 
use of alkali metal/solvent reagents. Radical- anions and mono- 
meric and dimeric di anions are formed in these reductions, which 

undergo further transformations to yield the products. For 

112 

example, the reduction of acetophenone I with lithium in 

liquid ammonia gives 2, 3-diphenylbutane-2, 3-diol JEI , 1- (cyclo- 
hexa-2, 5-dienylidene) enolate III and l- phenyl ethanol IV as 
shown in Scheme 1.2. 

The monomeric di anions formed in the reduction of a -C=N- 

bond 1-1 " ~ xx by alkali metals in protic solvents, not only act 

113 a 

as nucleophilic reagents, but also participate in electron 

transfer processes. This is illustrated by the reaction of 

benzophenone anil and alkyl halides in the presence of Na/THF 
which is believed to proceed as outlined in Scheme 1*3. 

Similar reactions with dianions of thiocarbonyl compounds 1 
117 118 

and olefins ' are also known to occur. 
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SCHEME 1.2 



SCHEME 1.3 

Ph 2 C=N-Ph > [Ph 2 C=rNPh] 2 ~ +2 Na + 

[Ph 2 C=:NPh| 2 ~ + RX — — > [Ph 2 C=NPh] * + R* + X“ 

R 

[Ph 2 C=NPh] ’ + R* — ^ (complex) "" > Ph 2 C-NHPh 
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One of the most important reactions of alkali metal/solvent 

reductions is the reductive cleavage of compounds of the type 

\ 

^C-X, where X may be OH, OR, ONOg/ CRg, SR or a halogen. A 
possible mechanistic sequence for such reductions is outlined 
in Scheme 1.4: 


SCHEME 1.4 



1 19 

Recent reports on the reductive cleavage of C-0, 

C-C, 119“ 1-21 I 22 c-S^ 22 bonds are in conformity with 

124 

the above mechanism. Tzeng and Weber have recently reported 
the cleavage of allylic and benzylic methyl ethers by sodium 
metal. The pathway, for the reaction of allylmethyl ether in 
the presence of trimethylchlorosilane is illustrated by Eqs. 3 
and 4: 



( 3 ) 
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Esters also undergo cleavage via electron transfer. Thus# 
Li/liq, NH^ affects the cleavage of esters, 120a ' by one of 
the two pathways exemplified in Scheme 1.5: 


SCHEME 1.5 



. .contd. 
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2nd pathway ; 


0 


PhC H 2 ~ O- C- R 


If Li/liq.NH. 


0 


PhCH 2 -0-C-R 


PhCH 3 <r 


PhCH 2 OH PhCH 2 0 + R-C=0 


1.3 Reactions of Radical-Anions of Aromatic Hydrocarbons 

1 Of\*m 1 Ofl 

Alkali metals reduce aromatic hydrocarbons ~ produc- 

129 

ing radical- anions. Thus, reduction of naphthalene by sodium 
yields sodium naphthalene (Eq. 7) : 



Hiese radical- anions can either act as strong bases and abstract 
protons from weakly acidic substrates or transfer a single elec- 
tron to appropriate substrates. 

Reactions of alkyl halides with aromatic radical- anions 

1 30- 132 

have been thoroughly investigated and reviewed. The 

general mechanism, of these reactions is outlined in Scheme 1. 6s 

SCHEME 1.6 

R — X R* A ^ H * > ArHR~ > ArHR 2 

ArH T 

SH 

R-H R: 

R-X 

y 

R-H 2 R* * R-R (or R-H + olefin) . 
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Alkylation of aromatic nucleus proceeds by coupling of alkyl 
radicals with aromatic radical- anions. For example/ reaction 
of sodium naphthalene with R-x first produces anion V which, 
by subsequent S N 2 displacement on the alkyl halide gives 
di alkylate 133 ' 134 %I : 



V - 

Of various reactions of alkyl halides, reductive dimeriza- 
tion is the least understood: 


2 R-X 



R-R + 2 X 


135 134 

Both radicals and anions are proposed as intermediates 

in the formation of dimers. The most acceptable explanation for 

the rapid rate of alkyl dimer formation is the coupling of 

134 

geminate radical pairs as shown in Eq. 8: 

R"~Na + + R-X > [R*,R\Nax] — > R-R. .. (8) 
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In this respect, the above reaction is parallel to that of alkyl 
lithiums with alkyl halides (Eq. 9) : 

(R”Li + ) n + R'-X » [r*, r'*, Li + X~, (R^Li^^J > R-R' 

.. (9) 

The radical pairs generated by electron transfer from alkyl- 
lithium in solvent cage, may couple, disproportionate or diffuse 

apart. The intermediate radicals formed in this reaction have 

136 1 37 1 38 

been trapped and detected by ESR spectroscopy. ' Dimeri- 

zation has also been observed in the reduction of alkyl halides 

139 

with metal complexes. " Cyclopropyl halides are also reduced 

140 

by alkali metal naphthalenes. 

Ethers have been cleaved with radical-anions of aromatic 
141— 144 

hydrocarbons. The general sequence of steps are shown 

in Eqs. 10 and 11* 

PhOR + ArH* ► Ar-H + [ph-0-R] r .. (10) 

fPhORl T > PhO’ + R‘ PhO" + R~+ArH .. (ll) 

ArH T 

145.146 

The 0-S bond in toluene sulfonates and N-S bond in 

147 

N-substituted sulfonamides also cleave by a similar pathway. 

148 

Scission of C-N bond in quaternary ammonium salts VII 
to give tertiary amines VTU and benzylic dimers has been 
affected by sodium naphthalene radical-anion as shown in 
Scheme 1.7? 
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SCHEME 1.7 



zation 


149 

Singh and coworkers have proposed electron 

transfer mechanism involving the intervention of aryl radicals 
in the dediazoniation of arenediazonium salts with sodium naph- 
thalene (Scheme 1.8): 


SCHEME 1.8 



Sodium naphthalene also reacts with phenylacetonitrile^^' ^ ^ to 
give a mixture of products. 

Sodium naphthalene induces isomerization of Z stilbene to 
15 2 

E stilbene, via the di anion shown in Scheme 1.9. Sodium naph- 
thalene induced reductive cleavage of esters has also been 

122, 15 3 

reported recently. 
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SCHEME 1.9 


H H 

\ / 

C^C 

Ph Ph 


Naph*. 


r H \ /”* 

Ph Ph 


Naph* . 


r H 

r \ 


* 

rPh H 

\ / 

& 

\ 

Q 

If 

~ c \ 

. Ph J 


/ C ~ C \ 

L H Ph J 


H n / h 

C—C 

Ph 7 V Ph 


Disproportion ation 


Ph ' H 

C =; C + 
H Ph 


•Ph H ■ 

\ / 

/ CaiC \ 

• Ph- 


H v- ..-/ H 

c ^ 

Ph | x Ph 


Ph \.,- ,. V /H 

/ C ° \ 

H x Ph 


154 

Holy and coworkers have proposed two alternative mechanisms, 
one involving dianion intermediates and the other free radicals, 
in the reaction of aliphatic and aromatic ketones with sodium 
naphthalene (Scheme 1. 10) : 

SCHEME I. 10 

(A) Dianion Mechanism 

(i) Aliphatic carbonyl compounds : 

R 2 C=0 + Naph 7 > R^-O" + Naph 

R 2 C-0“ + Naph 7 > "Naph C (R 2 ) 0" 

"Naph C(R 2 )0" +R 2 C=0 — > "0 (R 2 )c Naph C(R 2 )o" 

. , . contd. 
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(li) Aromatic carbonyl compounds 

Ar 2 C=0 + Naph 7 > Ar 2 C-0~ + Naph 

Ar 2 C-0“ + Naph T ^ Ar 2 C-0“ 4- Naph 

Ar_C-0“ 4- Ar _C=0 » Ar_C — CAr 0 

2 2 2 | | 2 

0 0 


(B) Radical Mechanism 

(i) Aliphatic carbonyl compounds 


R 2 C=0 4- Naph"* > ‘Naph C (R ) 0“ 

‘Naph C (R 2 ) 0“ 4- Naph 7 — » “Naph c(R 2 )0“ 4- Naph 
“Naph C (R 2 ) 0“ 4-R 2 C=0 — > “OR 2 C NaphC(R 2 )0“ 


(ii) Aromatic carbonyl compounds 


Ar 2 C=0 4- N aph~ > 

2 Ar 2 C-0“ > 


Ar 2 £-0“ 4 - Naph 
Ar„c — CAr. 

*4 4 2 


-i c c 

Sodium naphthalene also reacts with molecular hydrogen / 1 

sulfur dioxide, 156 carbon dioxide, arylhalosilanes 1- '*® and 

15 9 

aryl phosphates. Naphthalene radical-anions have been effect- 

ively used to initiate polymerization reactions' 1 ' 00 ' and in 

162 

the fixation of molecular nitrogen. 

1.4 Organic and Inorganic Anions as Donors in Non-Chain 
Electron Transfer Processes 

Several organometallic reagents and anions including 


carbonions, react with suitable electron acceptors by single 
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161 

electron transfer mechanisms. In 1916 Schlenk reported the 

formation of benzophenone ketyl by the reduction of benzophenone 

with triphenylmethyl carbanion.. Later, various other anions, 

like tert. butoxide anion and 2, 4, 6-tri-tert»-butylphenoxide anion, 

were demonstrated to transfer electrons to several other 

substrates.^ 4 ' ^ 2 ' ^ 4 Aromatic nitro compounds, when treated 
165— 168 

with anions, are known to form radical- anions. 


Oxidative dimerization of carbanions has been affected 

1 PR 1 PPt 

with various oxidizing agents. ' Thus, p-nitrobenzyl 

carbanion transfers an electron to molecular oxygen resulting in 
the formation of a dimeric product (Eqs. 12 and 13): 

° 2 H ^ 0^ H 2 


0. 


o 2 n. 



0 ^ 


+ °2 


.. ( 12 ) 



An electron transfer cage collapse process has been proposed 

169 

in the phenylation of carbanions by iodonium salts. Thus, 

enolate anions are phenyl ated by iodonium salts, as shown in 
Eq. 14: 

Ar 2 I + + RlC0-CR 2 -C0Rl > |Ar* + Arl + RlC0CR 2 C0Rl] 

» RicoMCR 2 ™ 1 .. (14) 

31a, 170-172 

Reactions involving electron transfer from thiophenoxide 
17 3 

and alkoxlde anions have also been reported. An electron 
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transfer from a donor reagent is feasible only when the substrate 
has sufficiently high electron affinity. This explains the 
inability of butyl lithium 174 to add to tetraphenyl ethylene or 
1/ 1/ 3/ 3-tetraphenyl but-l-ene as also the successful oxidation 
of even poor donors like alkoxides 175 by aromatic nitro 
compounds. 


Recently, single electron transfer has been proposed in 
the reactions of 9-arylfluorenyl anions with phenyl halomethyl 
sulfones and dinitro compounds 176 (Eqs. 15 and 16) : 



+ R 2 C=N0 2 ~ ..(16) 


Straight line Bronsted correlations of the pK ' s of the fluore- 
nyl system vs. the observed rates of these reactions, were 
interpreted as showing that stronger bases give up electrons 
more readily. 

Organolithium compounds are known to donate electrons to 

177 79 178 

aromatic hydrocarbons, oxygen, and peroxides. Biphenyl 

radical- anion has been proposed as an intermediate in the 
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179 

photolysis of phenyllithium by van Tamelen and coworkers 
(Scheme 1. 11): 


SCHEME I. 11 


2 ArLi 


hi? 


jAr*, Li 0 , ArLiJ 
fAr-Ar]~ L.i + 


[Ar*, Li°, ArLi) 
Li° + |Ar-ArJ * Li 4 " 
Ar-Ar + Li° 


1 80 

Lithium organocuprates add to unsaturated carbonyl compounds 
by an electron transfer mechanism. Oxidation of lithium organo- 
cuprates by / PhN0 2 or Cu (II) salts, yielding dimers, proceeds 
by a two-electron oxidation pathway (Scheme 1.12): 


SCHEME 1.12 


R 4 CU 2 Li 2 




-e 




R 4 CU 2 Li 2 


0 


+ 2 


[ r 


R „Cu„Li„ 
4 2 2 


2 + 


-» 2 R-Cu + 2 Li + R-R 


Lithium 1, l- dimethyl allene, prepared by the reaction of 1, 1- di- 
methyl alien e with lithium tetramethylpiperidine, has been shown 

1 8 1 1 A o 

to react with benzyl chloride and .ketones by single 
electron transfer pathways. 

Reactions of Grignard reagents with various substrates 
have been found to proceed via SET mechanisms. Electron 

1 A 8 14. 1 1 Q 

transfer from Grignard reagents to oxygen, ketones, ” x * 1 
alkyl halides and non-benzenoid aromatic compounds has been 
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reported. Following earlier leads concerning the behaviour of 

Grignard reagents and dialkyl magnesium compounds, ^®4-l86 Ashby 

and coworkers have used radical probes to investigate the role 

of electron transfer in Grignard reagent addition to ketones. 

Thus, sterically hindered ketones are reduced to alcohols via 
1 90 

a SET process as shown in Scheme 1.13: 




The spectroscopic evidence obtained suggests that the rate of 
electron transfer from the Grignard reagent, to the ketone is a 
function of the number of £ -hydrogen atoms present in the alkyl 
group of the Grignard reagent, rather than the previously 
suggested stability of the intermediate alkyl radical, 

22 

Singh and coworkers have proposed electron transfer as 
the first step in the reaction of Grignard reagents with benzylic 




18 


halides as shown in Scheme 1.14: 


\ 


7 


C—X + RMgY 


SCHEME 1 .14 

Fast 


Step 


J>C— X Mg/ 


R 


' \ / 


R 


\ 

\ 


Slow 


Step 


Y 


C* + * R 


r \ 

' C* + XMgY + R* 

// 

solvent cage 


-» }c — R 


/ 


//°' + *°^ 


. \ / 


R* + R" 


R — R 


Recently# reactions of (9-anthryl)arylmethyl chlorides with 

organomagnesium and lithium reagents have been shown to proceed 

191 

via single electron transfer pathways. 

Several metal hydrides (e.g., LiAlH^, A1H 3 » MgH 2 etc.) 

192 1 Q Q 

reduce ketones, polynuclear aromatics, bromophenylallyl 
194 195 

ether and alkyl halides by a single electron transfer 

process. Lithium tetrakis (N-dihydropyr idyl) alumin ate (LDPA) 

196 

has also been found to give similar results. Recently, a 

new electron transfer mechanism has been proposed by Singh et al. 

197 

in the LiAlH 4 reductions of certain benzylic halides and 

198 

2 2-chlorostilbene. The steps proposed for the reduction of 

benzylic halides are shown in Scheme 1.15; 
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Ar-CH (R) -X + A1H 4 ~ 

Ar-CH(R) -X' 

2 Ar-CH-R 

Ar-CH- R + A1H 4 ~ 

Ar-CH (R)-X + A1H T 

3 


SCHEME 1.15 

-4 Ar-CH (R)-X T + ^ h 2 + A1H 3 
-4 Ar-CH-R + X" 

-> Ar-CH (R)-CH(R)Ar 
-4 Ar-CH 2 -R + A1H 3 T 
Ar-CH (R)-X T + A1H 3 


The halide ion, X , formed in step 2, combines with A1H 3 present 

in the medium giving 7ilH 3 X . The latter anion can then either 

act as a source of hydrogen atoms or donate an electron as an 

inferior alternative to A1 h 4 ~. Similarly, anions A1H 2 X 2 ” and 

A1HX 3 formed during the reaction can donate hydrogen atoms or 

electrons as inferior alternatives to A1H 4 “ anion. Quantitative 

isomerization of 2 stilbene to E stilbene in the presence of 

LiAlH 4 has also been reported to occur via an electron transfer 
198 

pathway. 

Ashby and coworkers have proposed electron transfer 

pathways in the reduction of alkyl halides, 199a ketones, 1 " 13 

199a 

and polynuclear aromatics by alkali metal amides and 

199 

alkoxides. Thus, reduction of alkyl iodides with lithium 

di isopropyl amide proceeds via single electron transfer process 
outlined in Scheme 1.16: 
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SCHEME 1.16 



Recently, lithium diisopropyl amide has been shown to react also 
with JC- deficient hetero aromatics 200 by a single electron transfer 
mechanism (Scheme 1.17): 

SCHEME 1.17 
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1.5 Electron Transfer Chain Substitution in Aliphatic Compounds : 
Aliphatic Mechanism 

20 1 

Bender and Hass observed in 1949 that while p-substitu- 
ted benzyl chlorides, p-R-CgH 4 CH 2 Cl (where R = CN, CF^, + N (CH^)^ , 
CQCH-j, COOCH^, CH^ or Br) on treatment with 2-nitro propan ate 
anion yield O-alkylated products , p-nitrobenzyl chloride 

yields the C-alkylated product X predominantly. 

r O ch 

IX X 

Later, it was found that the ratio of the C- and O-alkylated 

products depends also on the nature of the leaving group X in 

20 2 

the p-nitrobenzyl system p-O^CgH^CH^X. While the iodide 

and bromide predominantly give O-alkylated products, the chloride 
yields C-alkylated product. On the basis of these observations 
and other detailed studies, it was proposed that O-alkylation 
proceeds by the usual S N 2 substitution, while C- alkylation is 
derived from an electron transfer process, in which radical- 
anions and free radicals are intermediates. 203 ' 204 

The mechanism for the C- alkylation reaction proposed 
independently in 1966 by Komblum et al. 20 ^' 206 and Russell 
et al., 20 ^' 20 ® is outlined in Scheme 1.18: 


<T / CH 3 
2-°-N=c/ 

CH 3 
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SCHEME 1.18 


Initiation; 



The radical chain nature of this mechanism was established on 
the basis of the observations that these reactions are inhibited 

OQ Q a 4 a 

by oxygen, and p- dinitrobenzene 1 and accelerated by 
209 211 

light. r A similar mechanism, designated \ , was latter 

proposed by Kim and Bunnett for aromatic systems. 23 *^ 

The aliphatic substitution also takes place at 

tertiary carbon atoms of p-nitrocumyl chloride, 212 o( -p-dinitro- 
cumene, 213-216 m-nitrocumyl chloride 217 and c< ,m-dinitrocumene 217 
with various nucleophiles. In addition to the p-nitrocumyl 
system, compounds XI to XV also undergo radical chain substi- 
tution reactions with 2-nitropropanate anion. 80 '' 218 
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CH_ CH 




X = halogens, NO^ 


CH_ 

I 3 


H 3 C—C— X 



S0 2 Ph 

XIII 


CH. 



XIV 


CH 



The apparent 'nucleophilic substitution' with 2 -nitropro~ 
panate anion on purely aliphatic compounds XVI has also been 
reported to follow a similar S 3 . mechanism 216 ' 219 ' 220 (Eq. 17): 


CHo 
I J 

H-C-C—A + Me o CN0 o 
3 | 2-2 

N ° 2 

XVI 

A = COOEt/ COPh, CN, NO 


* 


ch 3 

H 3 C — p— A + NO 

CMe2N0 2 


(17) 


cC -Halonitro compounds XVII — XIX on treatment with 
nucleophiles undergo substitution in which the halogen rather 
than the nitro group is displaced. 221 ” 22 ^ 


CH_ 

1 3 

H-G — C — X 

3 I 
no 2 

XVII 

X W Cl / Br, I 

Nucl eophlles : Me 2 CN0 2 , 

PhSO 2 ” / 



EtC (COOEt) 



2 , Me (CN) C (COOEt) 
alkyl lithiums. 
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Displacement of a sulfone group fromcc -nitrosulfones has 

226 

been effected by an electron transfer chain mechanism. It 

has been reported that a cyano group facilitates the electron 

transfer chain process. cc -Nitrosulf ides also exhibit S^^ 

mechanism on reaction with nitronate, malonate and sulfinate 
224 2t 

anions. Intramolecular cyclization using appropriately 

228 

substituted p-nitrobenzyl chloride has been achieved 
(Scheme 1.19): 


SCHEME 1.19 
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Singh et al. have studied the reactions of 9-bromo-9- 
fchenylfluorene with certain nucleophiles and provided evidence 
in favour of electron transfer radical- anion mechanism outlined 
in Scheme 1.20. 


Russell et al. have reported that organomercuric halides 

229a 22 

react with 2-raitropropanate anion, ' di alkyl phosphite anions 

230 

and sulfinate anions 


by S^l pathways. Reaction of 




SCHEME 1.20 


25 
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N- (p-nitropbenzyl) pyridinium cation with 2-nitropropanate anion 1 
has also been reported. All these reactions show the characte- 
ristics of a chain process involving radical anion intermediates. 


Oxyanion nucleophiles do occasionally combine with radicals 

of the p-nitrobenzyl type in the course of aliphatic S^i 

218b 

reactions. Komblum has suggested with reference to cano- 
nical forms such as XXb, that such steps can be considered as 
Michael-type attachments of nucleophiles to unsaturated systems. 
The filled outer shell orbital of the nucleophile interacts with 
aji; -orbital at the benzylic radical site. 



ch 2 . 


< > 



O “1 Q V\ 

For tertiary and secondary benzylic systems, Kornbluin has 

proposed that the initially formed nitronic esters rearrange to 

23 2 

yield more stable C- alkyl ated products. Norris et al. have 
recently demonstrated that the regiochemis try of the coupling 
between p-nitrobenzylic radicals and aci-nitronate ions in the 
association. step is dependent on steric factors. Branching at 
the carbon which is placed oc- to the reaction site causes a shift 
in product distribution towards 0- alkylation and away from 
C- alkylation. The association step has been proposed to be a 
kinetlcally controlled irreversible process. 

Recently/ a theoretical ab initio study of aliphatic S^i 

233 

mechanism has been reported. This study reveals that the 
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driving force for electron trans fer in the initiation step is 
the spontaneous dissociation of the radical- anion formed and 
that the propagation rate of the chain mechanism may be deter- 
mined better by diffusion phenomena rather than by energetic 
considerations . 

1.6 Aromatic Substitution by S^i Mechanism 

An elegant electron transfer chain mechanism, designated 

S^i, in "Aromatic Nucleophilic Substitution Reactions, " has 

234 

been demonstrated by Kim and Bunnett. The generalized 

version of the mechanism is outlined in Scheme 1.21: 

SCHEME 1.21 

Initiation : 

Ar-X + electron donor — > £Ar-Xj’ + donor residue 

Propagation : 

jAr-Xj ” > Ar* + X~ 

Ar* + Y~ > pAr-Y] T 

jAr-Y] T + Ar-X > Ar-Y + |Ar-X] T 

Termination : 

Ar* — — > Ar-H 

2 Ar ► Ar-Ar 

The separate components of this radical chain sequence have 
ample precedents and the overall reaction scheme is analogous 
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to that proposed earlier by Kornblum and Russell for 
substitution in aliphatic systems. 

The aromatic mechanism was postulated for the first 

time in order to account for the results of the reaction of 
aryl halides with amide ion in liquid NH^. 234 The ratios of 
the two products XXI : XXII , in the reactions of 5- and 
6-iodopseudocumenes with KNH^ in liquid NH 3 , were found to be 
dependent on the position of the iodine atom in the starting 
halide. Aryne intermediate XXIII , if postulated, would yield 
the two products in the same ratio, in these reactions. This 
fact coupled with the observed catalysis by light and inhibition 
of the substitution reaction by tetraphenylhydrazine suggests 
the occurrence of a radical chain mechanism in these reactions: 



Most aromatic reactions are initiated either chemi- 

235 

cally by solvated electrons from alkali metals# 
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electrolytic ally 2 3 6 or photochemically. 23 ^' 237 The exact nature 
of the photoinitiated process is not known with certainty / but 
evidence in favour of electron transfer occurring through an 
intermediate charge transfer complex has been presented (Eq. 18) s 


Phi + (EtO) 2 P0‘ 


hv> 


Phi* (EtO) 2 P0' 


Charge transfer 
compl ex 


* M * + (EtD) 2 TO 
.. (18) 


234, 238 

The initiation mechanism of the reactions occurring in the dark 
without addition of electron- donating initiators (the so called 
autoinitiated reactions) is even more obscure. Here, a reason— 
able possibility ' is a thermally activated electron transfer 


from nucleophile to substrate. 


I O O Q z 

The tendency of the groups SPh, NMe., , and OPO (OEt) 


239 


239-241 
2 


to undergo facile displacement by some other groups via S^i 

mechanism has great synthetic utility. Thus, Ar-OH can be 

240 

converted to Ar-NH 2 in good yields under mild conditions 
(Eq. 19) : 


Ar - 0H (Etof°P0Cl * Ar0P0 (0Et) 


KNH, 


-> ArNH, 


. (19) 


Nucleophiles such as carbanions derived from simple 
ketones, 234 ' 239 ' 242 - 248 nitriles, 241 ' 246 ' 249 2- and 4-pioolinll° 
have received much attention with reference to aromatic S^i 
reactions. Phosphanions, Ph 2 P“ , 251 (EtO) 2 P0”, 252 ~ 255 
Ph(Bu0)P0~, 256 Ph 2 PO“, 256 (EtO) 2 PS - 256 and (Me 2 N) 2 P0~ 256 
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have also been used as electron donors. Among sulf anions arene- 
thiol ates 2 ^ ^ ® and alkanethiolates 24 ^' ^0 have been found to 
be effective nucleophiles in S^i reactions. Recently, electron 

nfi-i Q ZT -1 

transfer from phenylselenide, phenyl tel luride, x diphenyl- 

arsenide , 262, 263 d ip heny i sti bide, 263 selenide, 264 telluride, 264 

265 

and N,N- disubs titu ted amide enolate ions has been reported. 

1 <y r\ nf.fi 

Singh et al . 1 ' have proposed a mechanism similar to 

the aromatic S^i mechanism, in the reactions of arenediazonium 
salts with various nucleophiles (Scheme 1.22): 

SCHEME 1.22 



* 
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944 949 

Nitro and hydroxy groups, apart from the nucleo- 

fugic group, interfere with aromatic processes. Steric 

9SO 

hindrance has no noticeable effect on these reactions. 

9^7 

Recently, Bunnett has shown that the nucleophilic reactivi- 
ties differ in aromatic reactions by not more than a 

factor of 10. He has reasoned that this is due to combination 
of aryl radical with nucleophiles occurring at encounter-controll- 
ed rates. 

There is no established example of the participation of 

an oxy anion nucleophile in an aromatic reaction to form an 

9&7 

oxygen- aryl ated product. Bunnett has argued that the combi- 
nation of an aryl radical with an oxyanion nucleophile would 
involve formation of a a—* radical-anion at a 'very high energy 
level, a level inaccessibly high and thus the formation of a C-0 
bond in such a process is energetically not favourable. 

Several halogenated heterocyclic compounds including 2-, 

3- and 4-halopyridines, 243/ 249 2-halopyrimi dines, 268 2-chloro- 

pyrazine, 243 ' 288 2-chloroquinoline, 247 ' 289/ 270 haloisoquino- 

lines, 258/ 271 halogen derivatives of thiophene, 272 2-chloro- 
273 273 

quinoxallne, and 4-chloroquinoxaline are known to undergo 

Sj^ji reaction in the presence of suitable electron donors. 

Certain vinylic halides also undergo substitution via the S^i 
274 

pathway. 

Intramolecular S^i reactions in substrates possessing 
appropriate structural features have been reported. Thus, 
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photo stimulation of XXIV yields XXV in 99% yield 275 (Eq. 20) : 




( 20 ) 


Reactions of dihalobenzenes with certain anions yield both 
the mono substituted and di substituted products . 254 ' 255 ' 259 ' 276 
Thus# irradiation of m-bromoiodobenzene with diethylphosphite 
ion in liquid NH^ yields mostly the disubs tituted product and a 
small amount of the mono subs tituted product# along with 
unreacted starting material (Eq. 21) : 



hu 




liq.NH 3 



P0 (OEt) 2 


P0 (QEt) 



The mechanism presented in Scheme 1.23 has been proposed 

to account for these observations: 


SCHEME 1.23 


Kvr — 

» xc 6 h 4 *+ I 

xo 6 h 4 - + y- — 

» 

r i 

ir 

v r it 

K H 4 Y J 

+ xc 6 h 4 i — 

» xc 6 h 4 y + [xc 6 h 4 i] 

[xc 6 h 4 y] t 

* * C 6 H 4 Y + X ~ 

*C,H.Y + Y“ - 

6 4 

* |j C 6 H 4 Y J' 

[ C 6 H 4 Y 2 ] T + 3tC 6 H 4 I “ 

* C 6 H 4 Y 2 + [ xc 6 Vj' 
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Recently, photo stimulated reactions of haloaromatic 
compounds with potassium diphenyl arsenide and potassium 
diphenylstibide in liquid NH^, have been reported. 1-Bromo- 

naphthalene and 9-bromophenanthrene react with diphenyl arsenide ion 
to give four arsines as products: tri phenyl arsine, diphenyl aryl- 

arsine, phenyldi aryl arsine and triarylarsine (aryl = 1-naphthyl, 
9-phenanthryl) . On the other hand, with 2-chloroqu.inoline as 
the substrate, only the straightforward substitution product 
2-quinolyldiphenylars.ine is formed. The mechanism suggested is 
outlined in Scheme 1.24: 

SCHEME 1.24 


Starting reaction : Ar* +~AsPh 2 



Electron 

transfer : 

Nk 

Products : AsPh^ 


\k 

ArAsPh 2 


Nk 

Ar 2 AsPh 


* 

Ar gAs 


Rossi et al. have suggested that in the process of 
coupling of an aryl radical with a nucleophile, o- and «-* MO's 

t 

are formed, and in case the * MO's of the aryl-As bonds are 
the lowest energy MO's of the system, scrambling of aryl rings 
is observed. On the other hand if the ji * MO of the aryl moiety 
is lower in energy than the o- * MOs of the aryl— As bonds. 
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as the aryl radical couples with the nucleophile, acr* MO is 
formed with the odd electron and by intramolecular electron 
transfer to thejc* MO, a&* radical-anion is formed, and only 
the straightforward substitution product is obtained. Theoretical 
considerations confirm that thee-* MO energy of the phenyl-As 
bond is lower than thejt* MO energy of naphthyl and phenanthryl 
moieties, thus leading to scrambling of aryl rings. On the 
other hand, the or* MO energy of quinoline is lower than thecr** 

MO energy of the phenyl-As bond, resulting in the straight- 
forward substitution product. 


Aromatic S^i reactions have been used to synthesize carbo- 

277 

cyclic and heterocyclic ring systems. Synthesis of indoles, 

r* 270 279 

benzo- [bj-furanes and 2-azoindoles have been effected via 


the S^i process. Recently, Bunnett and Singh 


280 


have reported 


the synthesis of acetylmethylindenes from O-dibromobenzene and 

, x 0 ., 

acetone enolate anion CEq. 22) : 





Br 


./ 


Br 


-f ch 2 =c x 



C— CH-; 


CH- 


( 22 ) 


Electrochemical method has also been used to initiate the 

mechanism leading to the synthesis of indoles from O-iodoaniline 

281 

and acetone enolate anion. 
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1.7 The Sjy^ Mechanism 

An alternative mechanistic possibility to the propagation 

25 3a 

cycle of Spjjl mechanism has been presented and dubbed Sp^* 

Its characteristic feature is that the nucleophile brings 
about direct displacement of the nucleofugal group from radical 
anion [Ar-X] T (Eq. 23): 

[kr-x] T + Y~ > [at-y] + x“ .. (23) 


According to this mechanism, the relative nucleophilic 

reactivity with various substrates, should depend on the leaving 

267 

group. Bunnett et al. have presented evidence recently to 
show that the relative reactivity of two nucleophiles is 
independent of the leaving group in aryl halides. This is 
consistent with the S^i mechanism but not with the S RN 2 
mechanism. 


Recently, the symbol 3^2 was applied rather confusingly, 

to a non-chain radical pathway proposed in the reaction of 

1- alkylpyridinium cations XXVI with anions derived from nitro- 

282 

alkanes and ethylmalonate (Eg. 24) : 



~ :CR 2 R ' 

XXVII 



(24) 


78 2 

Katritzky and coworkers have proposed the mechanism for these 
nucleophilic substitution reactions to occur via radical 
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intermediates (Scheme 1.25): 

SCHEME 1.25 


Ph 



1.8 The S RN i* Reaction - Radical Chain Substitution in Allylic 



The first report of a radical- anion chain substitution 
reaction with allylic rearrangement is represented by the 
transformation of XXX to XXXI as shown in Eq. 25; 

ArCH=CHCH(Cl) Bu-t + X~ » ArCH (x) CH=CHBu- t + Cl" (25) 

XXX XXXI 

where Ar =p-0 2 NC g H 4 and X~ = Me 2 C"N0 2 or MeC" (COOEt) 2 * 

This corresponds to an S^-^' mechanism and has been named so 
by Norris and Barker. 
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1.9 Elimination Reactions via Electron Transfer Processes 

In recent years, it has been reported that certain elimina- 
tion reactions of geminally and vicinally substituted leaving 
groups occur via electron transfer pathways. The reaction of 

p-nitrobenzylidene dichloride with 2-nitropropanate anion is 

J , ^ ,284-286 , . . , 

postulated to be occurring m two steps as shown in 

Eqs. 26 and 27 : 



CHC1 2 + Me 2 CNO 
CH(d)C.Me 2 N0 2 




CH (Cl)CMe 2 NO 


2 


+ Me 2 gN0 2 



+ Me 0 c — CMe„ + N0 o + Cl 

2 1 I 2 2 

o 2 n no 2 


+ Cl" 


2 


(26) 


(27) 


Both the steps are inhibited by p- dinitrobenzene and accelerated 

80 

by light. The first process is an S^^ reaction. For the 
second process. Freeman and Norris have proposed the mecha- 
nism outlined in Scheme 1.26: 

SCHEME 1.26 


ArCH(Cl) CMe 2 N0 2 + Me 2 CNC> 2 


|ArCH(Cl)CMe 2 N0 2 l' r + Me^NO 


ArCH (Cl) CMe 2 N0 2 


O' 


ArCHCMe 2 N0 2 + Me 2 CN0 2 


ArtHCMe 2 N0 2 + Cl" 
ArCH=CHMe 2 + Me 2 CN0 2 + N0 2 " 


Me 2 CN0 2 + Me 2 CN0 2 


0 


Me 2 C (N0 2 )c(N 0 2 ) Me 2 j 


^Me 2 C (N0 2 ) c (N0 2 ) Me 2 Y 
+ Ax-CH(Cl)CMe 2 N0 2 


Me 2 C(N0 2 )c(N0 2 )Me 2 + j^ArCH (Cl) CMe^oJ 7 


where Ar =C> 2 N 
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The above pathway has been named E RC ji (elimination, radical 

284 

chain unimolecular) by Freeman and Norris. 


The conversion of vicinal dinitroalkanes into alkenes on 

treatment with either thiophenoxide or sulfide anions is also 

221 

believed to occur by E rc i mechanism. Recently, E rc i mecha- 

nism has been proposed in the conversion of vicinal dinitro or 

287 

j3-nitrosulfones with tributyltin hydride as shown in 
Scheme 1.27: 


SCHEME 1.27 


\ / 

Bu_SnH or BUoSn + ,C — C 
3 3 7 1 |\ 

0 2 N X 


V 


Bu 3 SnH or Bu^Sn 4- /j" - 


o 2 n 


/ 

-c 

X 


\ / 
c— c 

tv 

0 2 N X 


\—c{ + NO 

/' l\ 2 

X 


/* )\ 
X 


\ / 

^c==c x + X- 


X* + Bu 3 SnH 


•> XH + Bu 3 Sn* 


12 

Reductive elimination of cyclic phosphates, cyano- 

1 o 288 

hydrins, cc -nitrosulf ones and synchronous elimination of 

the nitro and ester groups or the nitro and keto groups in 

289 

appropriate substrates have also been reported. Vicinal 

dihalides react readily with sodium naphthalene and disodium 

, 290,291 

salt of phenanthrene giving olefins. 



39 


292 

Sargent and coworkers have proposed the existence of 
a new react tive intermediate called a carbene radical-anion in 
the reaction of 2, 2-dichloro-3, 3-dimethylbutane with sodium 
naphthalene. The proposed reaction pathway is summarized in 
Scheme 1.28: 


SCHEME 1.28 


'2 3 


3' 2 


h 3 c 


CH^C(CH 3 ) 2 CC1 0 CH^ • > CH^C (CH q ) ^ClCH^ ■?H- 3 C~C — C-CH^+Cl 


H 3 C 



or 


CH. Cl 
I 3 I 

H SC *- — C: “ 
3 i i 
- CH 3 CH 3 


CH 3 C (CH 3 ) 2 CCH 3 - 

(a carbene 
radical anion) 

ch 3 c (ch 3 ) 2 ch 2 ch 3 


ch 3 c (ch 3 ) 2 chch 3 

Naph* 

CH„C (CH_) 'c'HCH- 

3 3 Z 3 
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Singh and Jayaraman have invoked the presence of 
bridged radicals in the reaction of gem- dichlorides with sodium 
naphthalene as shown in Scheme 1.29: 


R 2 CC1 

R 2 C(C1)C(C1)R 2 

fR 2 C(Cl)C(Cl)R 2 l 


SCHEME 1.29 


[ R 2 CC1 2 ]^ 


-Cl 

Dimerization 
Naph T 


t * 


R 2 CC1 


■ Cl' 


R C-CR. - 
Z I Z * T 


Cl 


R 2 C (C1)C(C1)R 2 
[r 2 C (C1)C(C1)R 2 J* 

* / 

ci 


^ R 2 C-~-CR 2 


Naph* 


* 

R 2 C=CR 2 + Cl’ 
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Base catalyzed elimination reactions of 4-nitrobenzyl 

294 295 

halides and dimethyl-4-nitrobenzylsulfonium ion, ' have 
been reported to occur via electron transfer pathways. 

I. 10 Electron- Transfer in Bio-Processes 

Electron transfer processes, leading to the formation of 
free radicals, have been reported to occur in several important 
biological systems. Though a complete discussion of such 
processes is out of the scope of this chapter, a few important 
examples are described to highlight the significance of such 
processes. 

Transition metal complexes, which occur in the cell, cata- 

296— 299 

lyze the decomposition of peroxides. ~ The process is 

thought to be similar 3 ^ 0 to the well known Haber-Weiss cycle 3 * 3 ^ 
in which iron catalyzes the decomposition of H 2 °2 3X1 electron 

transfer pathway, leading to the formation of hydroxyl radicals, 
as shown in Scheme 1.30: 

SCHEME 1.30 


Fe 2+ + H 2 0 2 - 

» 

Fe 3+ + OH" + OH 

OH* + H 2 0 2 

» 

H 2 0 + H + + 0/ 

°2 + H 2°2 “ 

> 

0 2 + OH" + OH* 

Fe 3+ + H 2 0 2 - 

» 

Fe 2+ + 2 H + + 0 

Fe 3+ + 0 2 T - 

> 

Fe^ + + 0 2 
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30 9 30 3 

McCay et al. ' have pointed out that several oxidative 
enzymes# such as xanthine oxidase, also produce hydroxyl radicals 
by a sequence of reactions involving superoxide ion and hydrogen 
peroxide in presence of chelated iron, as shown in Scheme 1.31: 


SCHEME 1.31 


Reduced Flavin-enz + 0, 


Flavin-enz 4- 0, 


2 0 * +2 H + > HO 4- 0 

2 U 2 + 2 H dismutase ? H 2°2 + °2 


H 2°2 + ° 2 * 


-> 0 2 + OH* + OH 


0 2 * 4- ADP-Fe 


3+ 


0 ^ + ADP-Fe 


2+ 


ADP-Fe 2+ + H 2 0 2 


*0H + 0H~ + ADP-Fe 


34- 


Hydroxyl radicals so formed are potent oxidants and may initiate 

chain reactions in the surrounding lipid membranes leading to the 

304 

destruction of tissues and consequently to aging. , 

The toxicity in small doses of chloro compounds# such as 
chloroform and CC1 4 # has been suggested to be due to the peroxi- 
dation of endoplasmic reticulum lipids in a reaction initiated 
by an electron transfer from electron donors or donor sites in 
enzymes 20 ^' 306 (Eq. 28): 

CC1 4 4- e“ > CC1 3 * + Cl~ 

Ethanol# even in small doses, may induce a radical chain reaction 
in the liver mitochondrial lipids possibly leading to fat 
accumulation and necrosis typical of alcoholism. In this case 
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too, the initial radical production may result by an electron 
transfer from an intermediate in the normal electron transport 
chain. 307 


One electron transfer also occurs in some systems in the 
propagation steps. A study of the superoxide-NADH system has 
revealed that the oxidation of NADH in presence of an enzyme 
lactate dehydrogenase is a chain reaction for which the mechanism 
shown in Scheme 1.32 has been suggested: 300 ' 30 ^ 

SCHEME 1.32 

LDH + NADH ^ LDH-NADH 

T 

LDH-NADH + 0 ^ + H + > LDH-NAD* + H 2 ° 2 

LDH-NAD* + 0 2 > LDH-NAD + + 0 T 

LDH-NAD + » LDH + NAD + 


Photo synthetic reactions are known to occur mostly by one 

310 

electron transfer processes. This represents a clear case in 

which free radical biology plays an important role in the 
processes of interest and relevance to man. 

The foregoing discussion highlights the significance of 
electron transfer processes in chemical and biological systems 
and reveals that though much ground has been covered in this 
area, a lot still remains unexplored and thus offers challenging 
opportunities for mechanistic investigations. In view of this, we 
decided to study a few reactions, described in the following 
chapters, which were known to proceed by uncertain pathways and 
have now been found by us to involve electron transfer 


processes 
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CHAPTER II 


SIMULTANEOUS OCCURRENCE OF ELECTRON 
TRANSFER INITIATED RADICAL CAGE 
COLLAPSE AND CHAIN MECHANISMS IN THE 
REACTIONS OF DIARYLIODONIUM CATIONS 
WITH 2-NITROPROPANATE ANION 


II. 1 Abstract 

Intervention of radicals in the reactions of arenediazo- 
nium salts with certain anions as reported earlier has been 
satisfactorily explained in terms of single electron transfer 
pathways; but the mode of initiation and bond reorganization in 
the free radical reactions of diaryliodonium salts with anions 
is poorly understood in the existing literature. A study of the 
reactions of diphenyliodonium bromide, phenyl-p-tolyliodonium 
bromide and phenyl- p-anisyliodonium bromide with lithium 2-nitro- 
propan-2-ide has been carried out in methanol medium at 30° C, 



65 


under varying conditions. The formation of arylated nitropara- 
ffins on one hand and benzene,, toluene, anisole, biaryls and 
formaldehyde on the other, in these reactions has been found to 
occur by two competing pathways involving free radical inter- 
mediates. Our observations clearly eliminate the possibility 
of occurrence of an S^Ar process and the intervention of aryne 
intermediates, in these reactions. These reactions were cata- 
lyzed by light and inhibited in the presence of oxygen. Simul- 
taneous occurrence of free radical cage and chain mechanisms 
initiated by single electron transfer from the 2-nitropbopanate 
anion to the diaryliodonium cation, has been proposed which 
satisfactorily accounts for the observed experimental facts. 

II. 2 Introduction 

Diaryliodonium salts are recognized as versatile arylating 

1-4 5-10 

agents. Arylation of several anions including carbanions 

has been achieved by means of reactions with diaryliodonium 
cations. A new preparation of triarylsulfonium and selenonium 
salts has been reported 1 "^ via the Cu(ll) catalysed arylation of 
sulfides and selenides with diaryliodonium salts (Eq. l) : 

(c 6 h 5 ) 2 s + (c 6 h 5 ) 2 Jbp; (c 6 h 5 ) 3 sbf~ + c 6 h 5 i ..(1) 

Mechanisms presented for the phenylation of anions with 

1-3, 12, 13 

diaryliodonium cations include nucleophilic substitution, 
as well as the formation and subsequent reactions of various 
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1 4 1 4 15 

intermediates like a phenyl cation, diaryliodine, ' ' a 

tri substituted iodine 16 and an aryne. 13/ 17 

Several reactions of iodonium salts have been discussed 

1 8 

in terms of free radical intermediates. Sandin and Brown 
have postulated the formation and decomposition into radicals, 
of a tri substituted iodine, in the reaction of diphenyl iodonium 
chloride with sodium hydroxide in the presence of pyridine 
(Scheme II. l) : 

SCHEME II. 1 

+ 

(c 6 h 5 ) 2 ioh" » (c 6 h 5 ) 2 I-OH 

(C 6 H 5 ) I-OH > C 6 H 5 ‘ + C 6 H 5 -I + *0H 

C 6 H 5* + PY ridine ^ phenylpyri dines 

(cc, fi and y isomers) 

A similar mechanism has been proposed for the hydrolysis of 

17 

iodonium salts. 

Reactions of organoli thiums and organomagnesium halides 

with diaryliodonium salts have been investigated by Beringer 

16 

and coworkers. They have provided evidence for the formation, 
of a tri substituted iodine, which decomposes to yield aryl- 
iodides and free radicals, which react further to yield the 
products shown in Scheme II. 2. 

14 

Polarographic and Coulometric studies of iodonium salts 
have revealed that diaryliodonium cation may accept an electron 
forming diaryliodine, which being unstable, rapidly decomposes 
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SCHEME II. 2 


(C 6 h 5 ) 2 IX- + RMgX 


■> (C^H^) 2 I-R + MgX 2 



'6 5 


2 C-.H- * + R-I 
6 5 


'6 5 


C 6 H 5 ‘ + R* 


-> C c H c -R 
6 5 


2 C,H c * 
D 5 


C*H c -CJH c 
6 5 6 5 


2 R* 


R-R 


c 6 h 5 - + (ch 3 ch 2 ) 2 o 


C 6 H 6 + CH 3 CHOCH 2 CH 3 


R* + (CH 3 CH 2 ) 2 0 


-> R-H + CH 3 CHOCH 2 CH 3 


CH _ CHOCH n CH ~ + C,H ’ or R* 

3 2 3 o 5 


C c H c -CHCH_ or R-CHCH- 
6 5 13 | 3 


och 2 ch 3 


OCH 2 CH 3 


to give aryliodide and an aryl free radical (Eqs. 2 and 3): 


4* 

R-I-R + e* > R-I-R 

R-I-R > R-I + R* 


.. ( 2 ) 

.. (3) 


The half wave potentials of substituted iodonium salts are not 

strongly affected by the nature of the substituent in the benzene 
19 

x Juiiy. # 
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The anions of dimedone, di- and tribenzoylmethanes, 

1, 3-indandiones/ ^ esters^' ^ and dianions of jg -diketones ^ 
have been arylated with diaryliodonium cations. In tert. butyl- 
alcohol medium, the reaction of 2-phenyl- 1, 3-i.ndandi one anion 
with diphenyliodonium chloride, yields 85% 2, 2-diphenyl- 1, 3- 

7 

indandione (Eq. 4) : 



0 


This reaction also yields small amounts of hydrocarbons and 
biaryls. It is inhibited in the presence of oxygen and styrene. 
Based on these facts, an electron transfer cage collapse mecha- 

7 

nism, shown in Scheme II. 3, has been proposed: 


SCHEME II. 3 


+ 



radical pair radical 

pair 


The 2-phenyl- 1, 3-indandione-2-yl free radical couples with 
phenyl free radical almost exclusively through the 2-position, 
presumably because C,C-coupling has a lower energy of activation 
than 0, C-coupling. If, however, either of these phenyl groups 
is enlarged to a bulkier mesityl group, the coupling through 
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the 2- position is substantially slowed down while the rate of 
diffusion out of the cage of radicals remains essentially 
unchanged. This results in the formation of larger amounts of 
cage escape products . Thus, the anion of 2-phenyl-l, 3-indan- 
dione with dimes.! tyliodonium chloride yields only 23% of the 
analogous 2-mesityl- 2-phenyl-l, 3-indandione and a small amount 
of 2- (o-mesityl phenyl) - 1, 3-indandione (Eq. 5): 



21 

ions with nucleophiles and reductants, Beringer and Falk have 
examined the reactions of various p-substituted and P/p'-di substi- 
tuted diphenyliodonium salts with several anions including carb- 
anions. They have observed that the presence of a p-nitro group 
enhances and that of a p-methoxy group depresses the suscepti- 
bility of diphenyliodonium ion towards nucleophilic attack. 

Among the anions used for the study, carbanions react predomi- 
nantly by an electron transfer mechanism, whereas certain 
inorganic anions e.g. sulfite ion, react by a nucleophilic S^Ar 
mechanism. 

Salts of Ti(lll), Cr(ll) and Cu(l) have been used for the 

22 

chemical reduction of diaryliodonium salts. Thus, the reduction 
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of phenyl-p-anisyl iodonium cation with Ti (ill) , in methanol 
solvent, yields hydrocarbons as the major product. On the other 
hand, the reaction in presence of large amounts of TiCl^, in 
aqueous medium, yields chlorobenzene and p-chloroanisole as major 
products. The mechanism suggested for these reactions involves 
ligand transfer from TiCl^ subsequent to an electron transfer 
from Ti (ill) as shown in Scheme II. 4: 

SCHEME II. 4 


CH 3°' 



+ Ti (ill) 


* 



+ Ti(lV) 





TiCl 


4 


Ligand- 

Transfer 




H 3 CO - 0' C1 


or 



Cl 


The ratio of cleavage products p-CH-jO-CgH^-I/CgH^-I is ca. 0.7 
reflecting that the cleavage of aryl-I bond is not much affected 
by the presence of a p-methoxy group in one of the aryl rings. 

15 23 

Reutov and coworkers ' have demonstrated the formation 
of a hypervalent iodine intermediate in the S N Ar reactions of 
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diaryliodonium cations with aromatic amines. They have also 

24 

shown that the corresponding reactions with aliphatic amines 

25 

and triphenylphosphine have an important mechanistic component 
where radicals intervene. 

Photolysis of diphenyliodonium salts in isopropyl alcohol 
has also been reported^ to proceed through a radical chain 
mechanism shown in Scheme II. 5: 


SCHEME II. 5 


Initiation: 


Cc 6 h 5 ) 2 i - 


V_ . t 

— C^H,_ * + C^-Hr-I ' 

6 5 6 5 


Propagation: 


C 6 H 5 * + HO-CH(CH 3 ) 2 


C 6 H 6 + HO-C(CH 3 ) 2 


(C,H c ) I + HO-C (CH_) „ » (C A Hr) „ll— C(CH ) 


'6 5 ' 2 


3 2 


6“5' 2 | 3' 2 

OH 


(C 6 H 5 )2 I ~C( CH 3) 2 

OH 


* C 6 H 5* + C 6 H 5 - I - ( r< CH 3>2 

OH 


c 6 h 5 -i-c(ch 3 ) 2 

OH 


Termination: 


2 C,H * 
6 5 


C 6 H 5 I + (CH 3 ) 2 C=0 + H 1 


6 5 6 5 


c 6 h 5 i- + hoc(ch 3 ) 2 


OH 


c 6 h 5 -i-c(ch 3 ) 2 

OH 


CgH 5 I + (CH 3 ) 2 C=0 + H + 


These photolytic reactions are inhibited in the presence of a 
small amount of 1 , 1- diphenyl ethylene, thus establishing the 
radical nature of the mechanism. 
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The reactions of diaryliodonium salts with a metal 

alkoxide to give alkylaryl ethers and aryl iodides are considered 

27 

to be of synthetic utility. However, it has been reported 

that aromatic hydrocarbons, aryl iodides and an aldol resin are 

28 

frequently the major products. McEwen and coworkers have 
postulated that the former products arise by an aromatic 
nucleophilic displacement reaction, while the latter products 
result from a radical chain mechanism shown in Scheme II. 6: 


SCHEME II. 6 


Initiation: Ar„I + Me„CHO — 

— 2 2 v 


^ Ar 2 I-0-CH(Me) 


Jr. 


Ar* + Arl + * OCHMe , 


Ar 2 I + ‘OCHMe 2 


(Ar 2 I, ‘OCHMe 2 ) 


Propaq ation : 


Ar* + Me 2 CHOH 


Ar-H + Me 2 COH 


Ar 2 I + Me 2 COH 


-» Ar l *— C (Me) „ 
A I A 

OH 


Ar„I-C (Me) 0 
2 | 2 

OH 


Ar* + Ar-I-C (Me) 


OH 


Termination: 


2 Ar* 


Ar* + Me 2 COH 


Ar-Ar 


OH 

I 

-> (Me) 2 C-Ar 


Subsequent reaction : 


OH 


Ar-I-C (Me) 


0 


Ar-I + Me-C-Me + H 


Recently, departure aptitudes of various aryl radicals 
from tri substituted radical cations have been calculated from 



73 


quantitative determination of products/ in the reactions of 

several un symmetrical diaryliodonium fluoroborates with sodium 
29 

ethoxide. The observed values of departure aptitudes have been 
found to be consistent with values obtained from the Hammett 
plot for the iodonium salt reaction and the polar substituent 
constant c-* values for various substituents. 

Aromatic hydrocarbons obtained in the reactions of diaryl- 
iodonium fluoroborates with nitrite, azide and thiocyanate anions 

30 

have also been shown to arise via a radical chain mechanism, 

similar to the one shown in Scheme II. 6. The initiation step 

of the radical chain mechanism in the reaction of diphenyliodo- 

nium ion with cyanide ion probably involves a single electron 

30 

transfer process. The mechanism proposed for this reaction 
in dioxane medium is shown in Scheme II. 7: 
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Scheme II. 7 (contd. ) 
Subsequent reaction : 



Based on the ratio of the arylated products obtained in the 
reaction of phenyl-p-tolyliodonium fluoroborate with cyanide 
ion, an S^Ar mechanism has been proposed for the formation of 
arylcyanides in these reactions. 

The reaction of 2-nitropropan-2-.ide ion with diphenyl- 

3 1 

.iodonium tosylate, in DMF solvent, has been reported to give 
56% yield of 2-phenyl-2-nitropropane; but no mechanistic 
inferences have been drawn in this report (Eq. 6) : 

4- 

Ph 2 I + Me 2 C=NO~ » Ph-C(Me) 2 N0 2 + Phi .. (6) 

In view of the immense synthetic utility of diaryliodonium 
salts as arylating agents and diverse mechanistic possibilities 
involved in their reactions/ we decided to investigate the 
mechanistic details of the reactions of a few diaryliodonium 
salts with 2-nitropropanate anion. 
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II. 3 Results and Discussion 

The reactions of di aryl io don ium salts with certain anions, 

especially carbanions are known to proceed via the intervention 

30 

of free radicals, but the mode of initiation and bond reorga- 
21 

nization in these reactions is poorly understood. The reaction 

of 2-nitropropanate anion with diphenyliodonium tosylate, in DMF 

3 1 

solvent, has been reported to yield 56% of 2-phenyl- 2-nitro- 
propane, but no mechanistic inference has been drawn in this 
report. 

The ambident 2-nitropropanate anion is known to react with 

• 37—34 

appropriate substrates by donating an electron or by a 

35 

nucleophilic process. Thus, it may be used as a probe for 
investigating the mechanistic details of the reactions in which 
it participates (Eqt 7) : 


X + R C— 

i- x 


-R'X 


O' 


’SET 


' 0 " 


ply + S 

r 0 c=ncT + x . . (7) 

b N 2 XT 


The present study was undertaken with a view to establishing the 

mechanisms operative in the reactions of diaryliodonium cations 

with the ambident 2-nitropropanate anion. Simultaneous occurrence 

of electron transfer initiated radical cage and chain mechanisms 

have been demonstrated by us, in the reactions of three diaryl- 

iodonium cations, viz., diphenyliodonium cation Ph-I-Ph la, 

# — 
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4“ 

phenyl-p-tolyliodonium cation p-Me-CgH^-I-Ph lb, and phenyl-p- 

-f' 

anisyliodonium cation, p-MeO-CgH^-I-Ph ic, with 2-nitropropanate 
anion II . 


— 3 

The reaction of 5 x 10 mol of di aryl io don ium bromide with 
lithium 2-nitropropan- 2-ide, in absolute methanol at 30°C under 
varying conditions gave the results summarized in Table II. 1. 

In the reaction of diphenyliodonium bromide with 2-nitropropanate 
anion, in the presence of cc -methyl styrene (run 4) , the yield of 
2-phenyl- 2-nitropropan e was enhanced, while that of benzene, 
biphenyl and formaldehyde was depressed considerably. This 
observation leads us to the fact that arylated nitroparaf fins on 
one hand and monomeric aromatic hydrocarbons, bi aryls and formal- 
dehyde on the other, are formed by two competing pathways. Since 
in the planar, most stable conformation of ambident nucleophiles 
like the 2-nitropropanate anion, more of the negative charge is 
on the oxygen atoms, relative to the carbon atom, substitution 
by an S^Ar mechanism would result in O-arylation. Thus, the 
possibility of occurrence of an S^Ar process leading to arylated 
nitroparaf fins is ruled out since nitronic esters or products 
derived therefrom were not obtained in these reactions. 


h 3 c x 

H 3 C ^ 




0~ 

0 " 


Stable planar confor- 
mation of 2-nitropro - 
panate anion 


H C + 0 

>=< 

h cr x o-c 6 h 4 -r-p 
N itronic esters 


0. 

C. 
/l 


H,C I , CH_ 

3 X- 3 
0 0 

Pyramidalized 
conformation y>f 
2-ni tro propan ale 


anion 



TABLE 11,1 : Reactions 3 of Di aryl i o don ium brorrddes with L.i thium-2~Nitropropan-2-ide in 
Methanol at 30 °C 
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Unless otherwise stated, 5 xlO~^ mol of diaryliodonium bromide was reacted 
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The S N Ar mechanism envisaged with the staggered pyramidalized 

conformation of the nucleophile C(CH 3 ) 2 N0 2 , leading to C-aryla- 

tion only/ has a low probability of occurrence due to the high 

energy (+43 kcal/mol) of this conformation. Furthermore/ the 

formation of arylated nitroparaf fins by an S N Ar mechanism is 

also ruled out due to the fact that the ratio of 2-phenyl- 2-nitro 

propane : 2- (p-tolyl) — 2-n itropropane formed in the reaction of 

phenyl-p-tolyliodonium bromide (run 6) is 1.67. This value is 

much less than expected in an S^Ar process, since 2-nitro bromo- 

benzene is known to undergo an aromatic nucleophilic substitution 

reaction with piperidine about 7 times faster than does 2-nitro- 

37 38 

4-methylbromobenzene. Also, in other known nucleophilic 

reactions with diaryliodonium salts the ratio of the cleavage 

+ 

of Ph-I bond to p-Me-C^H^-I bond in Ph-I-CgH^-Me-p is more than 
twice the value obtained in run 6. Our inability to detect any 
2- (m-tolyl) - 2-nitro propane or 2- (m-anisyl) -2-nitropropane among 
the products in the reactions of phenyl-p-tolyliodonium bromide 
and phenyl-p-anisyliodonium bromide, respectively, inspite of 
careful search clearly eliminates the possibility of aryne 
intermediates in the reactions under study. These reactions 
are sensitive to photochemical catalysis as evident from the 
observed retardation in the absence of light (runs 5, 8 and 11) . 
These arguments coupled with the observed inhibition in the 
presence of oxygen (runs 2, 7 and 10) , indicate effective inter- 
vention of radicals in these reactions. 
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In view of the known ^ function of diaryliodonium cations 

as electron acceptors under suitable conditions and that of the 

2-nitropropanate anion as an electron donor towards comparatively 

39 

weak acceptors, we propose that the electron transfer process 
outlined in Scheme II. 8, accounts for the formation of major 
portions of arylated nitroparaffins VII and VIII in addition to 
iodoarenes. 


SCHEME I I. 8 


Ar-I-Ph + Me 2 CN0 2 
I II 


+ — 
Ar-I-Ph,Me 2 CN0 2 

III 


. ( 8 ) 


III 


> Ar-i-Ph,Me 2 £N0 2 
IV 




CMe 2 N0 2 

V 


Ar-I + PhCMe 2 N0 2 
VII 



CMe 2 N0 2 

VI 


Phi + ArC Me 2 N0 2 
VIII 


.. ( 9 ) 


. . (10a) 


.. (10 b) 


The proposed pathway suggests that on mixing the two 
reactants, the nitropropanate anion associates with the diaryl- 
iodonium cation to form an ion pair III in a reversible reaction. 
The reversibility of the first step of Scheme II. 8 (Eqn. 8) 
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is established by the fact that increasing amounts of 2-nitro- 
propanate anion result in enhanced yields of the products 
derived from the ion pair III i.e. arylated nitroparaffins. The 
2-nitropropanate anion then transfers an electron to the diaryl— 
iodonium cation, resulting in the radical pair IV. The decompo- 
sition of this radical pair JV, , in the solvent cage, then 
yields the arylated nitroparaffins VII and VIII . The product 
ratios in similar radical reactions of diaryliodonium salts with 

different anions are dependent on the nature of the reducing 

21 

anion. Thus , transition states resembling V and VI could be 

visualized for the formation of 2-phenyl-2-nitropropane vil and 

2-aryl- 2-nitro propane (2- (p- tolyl) - 2-nitropropane or 2- (p-anisyl) - 
2-ni tropropane) VIII , respectively. 

The development of a low energy transition state would be 
favoured by the lengthening of the energetically weaker C~I 
bond during the homolysis of p-R-C 6 H 4 -i-Ph, as well as on the 
stabilities of the transition states V and VI. Since the value 
of p in Hammett correlations of departure aptitudes of aryl 
groups in such radical dissociations is positive, the bond 
dissociation energy (BDE) of the aryl carbon-I bonds would 
follow the order: Ph-<p-Me-C g H 4 - <p-MeO-C g H 4 - . Furthermore, 
though in the unsubstituted diphenyliodonium cation, resonance 
interaction in which iodine expands its valence shell to 
accommodate electrons in its 5d orbital is negligibly small, 
it is established that such an interaction may become signi- 
ficant in the electronic excited state by the presence of 
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electron releasing para-substituents, thus imparting a double 
bond character to the aryl-l bond:^ 



A similar d-orbital resonance may be visualized in the phenyl-p- 
anisyliodine as well as phenyl-p-tolyliodine. This would lead 
to a further strengthening of the tolyl carbon-I and anisyl 
carbon-I bonds, relative to the phenyl carbon-I bond; 



The 2-nitropropyl radical is stabilized by resonance. It 
would interact with the aryl radical, in the transition states 

V and VI, after considerable amount of bond lengthening of aryl 
C-I bond preparatory to homolysis has occurred and the aryl 

41 

groups have acquired considerable amount of radical character. 
Thus, due to this large amount of bond lengthening at the transi- 
tion state and the high electronegativity of 2-nitropropyl 
radical, dipolar structures IX and X would contribute towards 

Ala 

stabilization of resonance hybrids for the transition states 

V and VI, respectively. 
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r + 

i* 

/ 

Ar -c 6 H 5 


"" 4* 

'\ : 
Ar * x Ph 

CMe 2 N0 2 


CMe 2 N0 2 

* 


iX X 


It. is obvious that with electron donating substituents in the 
aryl ring, XX would be stabilised more than x, and thus the 
transition states in the reactions of phenyl-p-tolyliodonium 
cation and phenyl-p-anisyliodonium cation would resemble V more 
than This accounts for the high ratios of the products 

Vll i yill , actually observed in runs 6 and 9, respectively. 

The radicals escaping from the cage IV, initiate a 
concurrent chain process outlined in Scheme II. 9, accounting 
for the remaining products: 

SCHEME II. 9 


Initiation : Ar-I-Ph, Me 2 CNC> 2 


Ar‘ + Ph-I (or Ph* + Ar-l) 


+ Me 2 CN0 2 


Propagation : Ar* (or Ph*) +CH 3 OH 

+ 

-I- 
I 


-4 Ar-H (or Fh-H) +*CH 2 OH 


Ar-I-Ph + *CH 2 OH 


-4 Ar-I-Ph + ‘ t CH 2 OH 
XI 


Ar-I + Ph* * Ar-I-Ph — » Ar* + Ph-I 
XII XI XIII 


pCH 2 OH 4-4 H 2 C=0 -hJ 


CH 2 0 + H 


. .contd. 
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Scheme II. 9 (contd.) 

*— "H * 

Termination : Ar* (or Ph*) + Ar-H — > Ar-Ar (or Ar-Ph) 

Ar* (or Ph*) + Ph-H — Ar-Ph (or Ph-Ph) 

2 Ar* — > Ar-Ar; 2 Ph* > Ph-Ph; Ar* + Ph* — > Ar-Ph 

2 Me 2 CN0 2 > 0 2 NMe 2 C-CMe 2 N0 2 

Ar* (or Ph*) + Me 2 CN0 2 > Ar-CMe 2 N0 2 (or Ph-CMe 2 N0 2 ) 


The chain is propagated by a hydrogen atom abstraction from 
methanol giving hydroxymethyl radical and subsequent electron 
transfer from this radical (*CH 2 OH) to the diaryliodonium cation I. 
Such an electron transfer from the hydroxymethyl radical is 
precedented in the reactions of arenediazonium salts in methanol 


medium; 


42/43 



N=N + *CH 2 OH 


R 



N=N* + CH OH 


The ratios of the products: ben zene/ani sole in run 9 and 
benzene/toluene in run 6 are very close to unity. This lack of 
discrimination in the formation of aryl radicals has been observ- 
ed 28 in other radical reactions of diaryliodonium salts, and may 

be due to the compensation of higher anisyl C-I and tolyl C-I 
bond dissociation energies relative to the phenyl C-I bond 

dissociation energy, by the higher stabilities of the 

p-CHJD-CgH 4 * and p-Me-C 6 H 4 * radicals compared to the Ph* 

The enhanced stabilities of these aryl radicals 


radical 
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are apparently due to an increase in delocalization of the odd 

electron, brought about by bond bending in the or aryl radicals* 

which leads to a competition for the odd electron between a 

45 

localized p orbital and a delocalized p orbital. The inter- 
vention of diaryliodine in the formation of aromatic monomeric 

hydrocarbons is further supported by the fact that the ratio of the 
products: benzene/ ani sole in run 9 is consistent with the relative 

concentrations of XII and XIII as produced from XJ in the 
2 2 

reported reduction of phenyl-p-anisyliodonium cation with 
Ti (III) . 

Though cc -methylstyrene effectively inhibits the chain 

mechanism, by scavenging the free aryl radicals, it is known 

. 46 

not to significantly affect the cage processes. Indeed, in 

its presence, more of the reaction with diphenyliodonium cation 

(run 4) proceeds by the radical cage process shown in Scheme II. 8, 

leading to an increase in the yield of 2-phenyl- 2-nitropropane, 

though the overall reaction is observed to be retarded. 

Oxygen may inhibit the free radical chain mechanism by 

47 

coupling with the aryl radicals to produce aryl hydroperoxides, 
which decompose to give aryloxy radicals. ' These aryloxy 
radicals may abstract hydrogen atoms from the molecules of 
methanol solvent to yield phenol as outlined in Scheme II. 10. 
Alternatively, the aryloxy radical may accept an electron from 
the 2-nltropropanate anion giving an aryloxy anion which in the 
presence of a proton would give phenol (Eqns. 11 and 12) : 



SCHEME II. 10 
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Ar* + 0 2 » Ar-O-O* 

Ar-0-0 * + CH 3 OH > Ar-O-O-H + *CH 2 OH 

Ar-O-O-H > Ar-O* + *OH 

Ar-O* + CH 3 OH - — Ar-OH + *CH 2 OH 


Ar-O* + Me 2 C=N0 2 _ > Ar-0~ + Me 2 CN0 2 

Ar-O Ar-CH 

H + 


.. ( 11 ) 
. . ( 12 ) 


Molecular oxygen may also couple with the 2-ni tropropyl radical, 

yielding the corresponding peroxy radical, which reacts with the 

49 

2-nitropropanate anion by a chain process resulting in the 
formation of acetone and N0 2 “ anion, as outlined in Scheme II. 11 

SCHEME II. 11 


Me 

0 o N-C* + 0 2 

2 | ^ 

Me 


Me 

o 2 n-c-o-o* 

Me 


Me 

I 

O-N-C-O— 0* + Me~C=N0_ 
2 | 2 2 

Me 

Ijle 

0_N-C-0-0" + CH_0H 

2 | 3 

Me 


* 


Me 


I 

0„N-C-0— 0 
2 I 
Me 


+ Me 2 CN0 


2 



0 N-C-0-0H + CH_0" 
2 I 3 

Me 


(Scheme contd.) 
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(Scheme II. ll) contd. 


Me 
I 

0 N-C-O-O— H + Me„C=NO 


Me 


2 2 


Me 


Ijle 


0 N-C-0 + 0 N-C-OH 

A \ A I 


Me 


Me 


Me 

0_N-C-OH 
2 I 
Me 


+ ch 3 0 


Me 


o 2 n-c-o + ch 3 oh 

Me 


Me 
\ _ 

0 N-C-0 
2 I 
Me 


-» Me 2 C=0 + N0 2 
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Such a process is known to occur in other free radical react- 
ions of 2-ni tropropanate anion. Destruction of 2-nitropanate 
anion reagent in this manner leads to inhibition of its reaction 
with diaryliodonium salts. Oxygen is also known to interfere 

7 , 

with cage reactions. 


II. 4 Experimental 

All melting points were taken on MEL- TEMP melting point 
apparatus. IR spectra were recorded on Perkin-Elmer, model-521 
infrared spectrophotometer. GLC analyses were carried out on a 
chromatography and company model AC1-FI chromatograph using 10% 
SE-30 on Crom-P (85-100M) column of 2m length. Column chroma- 
tography was done over activated basic alumina (E. Merck) column. 
Reaction products were identified by comparison of their 
retention times in GLC, IR spectra, thin layer chromatography in 
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comparison with those of the authentic samples/ elemental 
analyses/ melting or boiling points and mixed melting points. 
Literature melting or boiling points are cited from "Handbook 
of Chemistry and Physics," 50th edition, R.C. Weast (ed.), 
published by Chemical Rubber Co., Cleaveland, Ohio, unless 
otherwise stated. 

Starting Materials 

Cl 

Diphenyliodonium bromidd, phenyl-p-tolyliodonium 

• 5 j, c 

bromide and phenyl-p— anisyliodonium bromide were prepared 

by known procedures. Authentic samples of p-iodotoluene, ^ 

p-iodoanisole, 52 4, 4 1 -dimethyl biphenyl, 53 4, 4 ' -dimethoxybi- 

phenyl, 2, 3-dinitro, 2, 3-dimethylbutane~ > were also prepared 

by known methods. Authentic samples of benzene (BDH) , toluene 

(BDH) , anisole (Naarden Hall) , iodobenzene (HPC) and 2-nitro- 

propane (Pfoltz and Bauer Inc.) were used after distillation. 

Biphenyl (BDH) was used after recrystaliization. p(-Methyl- 

styrene (BDH) and dimedone (BDH) were used without further 

purification. 

Lithium 2-nitropropan-2-ide was prepared by the known 
55 

procedure. 

5 2 

Preparation of absolute methanol 

Dry magnesium turnings (5 g) and resublimed iodine (0.5 g) 
were placed in a 2 1 RB flask fitted with a double surface 
reflux condenser. Methanol (60 ml) was added through the top 
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of the condenser and the mixture warmed over water-bath until 
the iodine disappeared. There was a vigorous evolution of 
hydrogen gas as soon as heating was started. Heating was 
stopped for some time but started again when evolution of hydro- 
gen slowed down, to ensure that all the magnesium got converted 
into methoxide. An additional quantity of methanol (900 ml) 
was then added and the mixture refluxed for 30 min. Absolute 
methanol was collected by distillation using a Vigreaux Column 
after discarding the first 25 ml of the distillate. 

Preparation of deaerated methanol 

Absolute methanol prepared by the above method was taken 
in a two necked RB flask, fitted with gas passing adapter and 
a gas outlet equipped with a mercury trap. The two necked flask 
was kept in an ice-bath mounted over a magnetic stirring base. 
Stirring was started and dry nitrogen gas passed through the 
solution for one hour. Finally, the flask was stoppered and 
sealed with parafilm. This deaerated methanol was used as the 
solvent in the reactions described below: 

(l) Reactions of diphenyliodonium bromide with lithium 2-nitro- 

propan- 2~i.de 

(a) with diphenyliodonium bromide (0.005 mol) and lithium 
2~nltropropan-2~ide in 1:2 molar ratio under nitrogen 
atmosphere at 30° C, under laboratory lights 


In a 250 ml 3~neck RB flask, mounted over a magnetic 
stirring base, fitted with a device to pass pure dry nitrogen. 
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connected to a condenser and a mercury trap was placed a slurry of 
diphenyliodonium bromide (1.805 g; 0.005 mol) in 50 ml absolute 
deaerated methanol at room temperature (30°C) . A solution of 
lithium 2-nitropropan- 2-ide (0.95 a, 0. 01 mol) in 50 ml absolute 
deaerated methanol was added through a pressure equalizing dropp- 
ing funnel with continuous stirring. Nitrogen gas was passed 
throughout the reaction period. The reaction mixture slowly 
turned yellow in color. Fixed aliquots of the reaction mixture 
were removed by a syringe from time to time and treated with 
saturated potassium iodide solution to precipitate the unreacted 
diphenyliodonium cation as its iodide. The reaction was found 
to be complete after 48 hr when a sample of the reaction mixture 
gave no precipitate with Kl solution. 

The reaction mixture was then poured into 250 ml of water 
and a 50 ml portion of this solution was immediately used for 
the determination of formaldehyde. The remaining quantity of 
the solution was extracted with ether (4 x 50 ml). The combined 
ethereal extract was dried (anhydrous MgS0 4 ) , filtered and 
carefully concentrated under reduced pressure at room temperature 
to a volume of 50 ml. This crude mixture was analyzed by GLC 
using a 10% SE- 30 on Crom-P (85-100 M) column of 2 m length* 

The products were identified by comparison of their retention 
times with those of the authentic samples and the yields were 
determined by comparing the peak areas with those of the authen- 
tic samples. The yields of various products, after taking into 
consideration the amount of reaction mixture used for the 
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determination of formaldehyde, were: benzene (43%), iodobenzene 
(94%) , biphenyl (5%) and 2, 3-dinitro, 2, 3-dimethylbutane (5%) . 
Complete removal of the solvent thereafter, gave a crude mixture 
which was dissolved in an equal volume of petroleum ether 
(b.p. 60-80° c) and was passed through a column of activated 
basic alumina. Elution with petroleum ether (b.p. 60 - 80° C) 
first gave a mixture of benzene, iodobenzene and biphenyl. 

Further elution with benzene- petroleum ether (b.p. 60 - 80°C) 

(l:4) yielded 2- phenyl- 2-nitro propane. Reduced pressure evapo- 
ration of the benzene/petroleum ether solution at room tempera- 
ture yielded 2-phenyl- 2-nitropropane (0.339 g, ca. 41%) identi- 
fied by comparison of its IR spectra with that of an authentic 
sample and by its elemental analysis. 

Estimation of formaldehyde ; To the 50 ml of the solution taken 
for the estimation of formaldehyde, an aqueous saturated solu- 
tion of dimedone (50 ml) was added. After stirring for 6 hours, 
the mixture was allowed to stand for 40 hr. The precipitated 
dimedone derivative of formaldehyde was separated by filtration 
and dried at 60°C. It was characterized by mixed melting point 
and its superimposable IR spectrum with that of an authentic 
sample. Yield of this derivative corresponded to a total of 38% 
of formaldehyde formed. 

(b) with equimolar ratio of reactants (0.005 mol each) in nitrogen 
atmosphere at 30°C under laboratory lights 

A slurry of diphenyllodonium bromide (1..805 gy 0.005 mol) 
in 50 ml of methanol was reacted with a solution of lithium 
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2-nitropropan-2-ide (0.475 g, 0.005 mol) in methanol (50 ml) at 
30°C, keeping all other conditions the same as described for 
reaction 1(a). After 48 hr, the reaction mixture was poured 
into a saturated aqueous solution of potassium iodide (200 ml) 
in order to precipitate out the unreacted diphenyliodonium cation 
as its iodide. The precipitate was filtered, washed in turn 
with water, methanol and ether and dried under vacuum. This 

yielded 0.612 g (30%) of diphenyliodonium iodide, m.p. l73°C(dec); 

51 

lit. m.p. 173°-175°C (dec) . The total volume of the mother liquor 
left after removal of the precipitate was made upto 250 ml by 
adding water. A 50 ml portion of this solution was immediately 
used for the determination of formaldehyde. The remaining solu- 
tion was extracted with ether. The ethereal extract was dried 
and concentrated in the usual manner. The concentrate was 
analyzed by GLC using 10% SE-30 on Crom-P (85-100 M) column 
of 2 m length, and column chromatography in the same way as 
described under experiment 1(a). The product distribution was 
benzene (ca. 38%) , iodobenzene (ca. 70%) , biphenyl (ca. 3%) , 

2, 3-dinitro-2, 3-dimethylbutane (ca. 2%) and 2-phenyl- 2-nitro- 
propane (0.182 g; ca. 22%). The yield of formaldehyde estimated 
as its dimedone derivative was ca. 32%. 

(c) with diphenyliodonium bromide (0.005 mol) and lithium 2-nitro - 
propan-2-ide in 1:2 molar ratio in oxygen atmosphere at 30°C , 
under laboratory lights 

A slurry of diphenyliodinium bromide (1.805 g; 0.005 mol) 
in 50 ml methanol was reacted with a solution of lithium 2-nitro- 
propan-2-ide (0.95 g; 0.01 mol) in methanol (50 ml) at 30° C. 
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Dry oxygen gas was bubbled through the reaction mixture. All 

other conditions were kept the same as for the reaction l(a)« 

After 96 hr, the reaction mixture was poured into a saturated 

aqueous solution of potassium iodide (200 ml) , in order to 

precipitate the unreacted diphenyliodonium cation as its iodide. 

The precipitate was filtered, washed in turn with water, methanol 

and ether and dried under vacuum. This yielded 1.632 g (80%) of 

51 

diphenyliodonium iodide m.p. 174°C (dec) , lit. m.p. 173-175°C (dec) . 
The total volume of the mother liquor left after removal of the 
precipitate was made upto 250 ml by adding water. A 50 ml 
portion of this solution was immediately used for the determina- 
tion of formaldehyde. The remaining solution was extracted with 
ether and the extract washed, dried and concentrated as usual. 

The concentrate was analyzed by GLC using 10% SE-30 on Crom-P 
(85-100 M) column of 2 m length and column chromatography in 
the same way as described for the reaction l(a). The product 
distribution was; benzene (ca. 5%), phenol (ca. 9%), iodobenzene 
(ca. 18%) and 2-phenyl- 2-ni tropropane (o .05 g; ca. 6%) . No precipitate 
(of the dimedone derivative of formaldehyde) formed even after 
the solution was kept aside for 80 hr. 

(d) with diphenyliodonium bromide (0.005 mol) and lithium 2-nitro - 
propan-2-ide in 1:2 molar ratio in nitrogen atmosphere at 
30°C under laboratory lights with added <%- methyl styrene 
(0.01 mol) 

*■'3 

Diphenyliodonium bromide (1.805 g; 5 x 10~ mol) and 
o< -methyl s tyrene (l. 182 g; 0.01 mol) taken together in 50 ml 
methanol were allowed to react with lithium 2-nitropropan-2-ide 
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(0.95 g; 0.01 mol) in 50 ml methanol at 30°C under nitrogen 
atmosphere in a similar way as described under the experiment 
l(a) . After 48 hr / the reaction mixture was poured into a 
saturated aqueous solution of KI (200 ml) . The precipitate 
obtained was filtered, washed in turn with water, methanol and 
ether and dried under vacuum. This yielded 0.204 g (10%) of 
diphenyliodonium iodide, m.p. 173°C (dec); lit. m.p. 173°-175°C 
(dec) . The total volume of the mother liquor, left after removal 
of the precipitate was made upto 250 ml by adding water. A 50 ml 
portion of this solution was immediately used for the determina- 
tion of formaldehyde. The remaining solution was extracted with 
ether and the ethereal extract dried and concentrated in the 
usual manner. The concentrate was analyzed by GLC using 10% 

SE-30 on Crom-P ( 85-100 M) column of 2 m length and column 
chromatography in the same way as described for the reaction 1(a). 
The product distribution obtained was benzene (8%) , iodobenzene 
(88%) , an unestimated amount of ©(.-methylstyrene, biphenyl (2%) , 

2, 3-dini tro-2, 3-dimethylbutane (2%) and 2-phenyl- 2-nitropropane 
(0.553 g; ca. 67%) . No precipitate of the dimedone derivative 
of formaldehyde was obtained. 

(e) with diphenyliodonium bromide (5 x 10 mol) and lithium 
2-nitropropan-2-ide in 1:2 molar ratio under nitrogen 
ytmosphere at 30° C in complete darkness 

Diphenyliodonium bromide (1.805 g; 5 xlO mol) contained in 
50 ml methanol and lithium 2-nitropropan-2-ide (0.95 g; 0.01 mol) 
dissolved in 50 ml methanol were reacted in dark (the reaction 
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48 hr. The reaction mixture was then poured into 250 ml of 
water. A 50 ml portion of this solution was immediately used 
for the estimation of formaldehyde and the rest of the solution 
was extracted with ether (4 x50 ml) . The ethereal extract was 
dried (anhydrous MgSO^) , filtered and concentrated as described 
for the reaction l(a). The concentrated crude mixture of 
products was analyzed by GLC using 10% SE-30 on Crom-P ( 85-100 M) 
column of 2 m length. The products were identified by comparison 
of their retention times with those of the authentic samples and 
the yields were determined by comparing the peak areas with 
those of the authentic samples. The yields of various products 
identified were: benzene (23%) , toluene (21%) , iodobenzene (44%) , 
p-iodotoluene (54%) , biphenyl (3%) , di-p-tolyl (2%) , a trace of 
p-methyl biphenyl and 2, 3-dinitro-2, 3-dimethylbutane (6%). This 
mixture was then concentrated further and charged on a column 
of activated basic alumina. Elution with petroleum ether (b.p. 60- 
66°c)first gave a mixture of benzene, toluene, iodobenzene and a 
mixture of bi aryls. Further elution of the column with the same 
solvent gave p-iodotoluene b.p. 210°C; lit. b.p. 211°-212°C • 

(0.588 g, ca. 54%) . Later, elution with a mixture of petroleum 
ether (b.p. 60-80°C) and benzene (10: l) gave 2-phenyl- 2-nitro- 
propane (0.198 g, ca. 24 %) and 2- (p-tolyl) -2-nitropropane 
(0.143 g, ca. 16%), identified by comparison of their IR spectra 
with those of the authentic samples and by elemental analyses. 

The yield of formaldehyde estimated as its dimedone derivative 
was 37% (based on phenyl-p-tolyliodonium bromide) . 
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(b) with phenyl-p-tolyliodonium bromide (5 x 10 mol) and lithium 
2-ni tropropan-2-ide in 1:2 molar ratio In oxygen atmosphere 
at 30° C, under laboratory lights 

Phenyl-p-tolyliodonium bromide (1.875 gj 5 x 10” mol) 
contained in 50 ml methanol was allowed to react with lithium 
2-nitropropan-2-ide (0.95 g; 0.01 mol) in 50 ml methanol at 30°C. 
Dry oxygen gas was bubbled through the reaction mixture; but all 
other conditions were kept the same as for the reaction 2(a). 

After 96 hr, the reaction mixture was poured into a saturated 
aqueous solution of KI (200 ml) to precipitate the unreacted 
phenyl-p-tolyliodonium cation as its iodide. The precipitate 
obtained was filtered, washed in turn with water, methanol and 
ether and dried under vacuum. This yielded phenyl-p-tolyliodo-^ 
nium iodide ( 1.688 g; 80%); m.p. 153°C; lit. 5 ^ m.p. 153°-154°C. 
The total volume of the mother liquor, left after removal of the 
precipitate, was made upto 250 ml, by adding water. A 50 ml 
solution was used immediately for the estimation of formaldehyde. 
The remaining solution was extracted with ether (4 x50 ml) and 
the ethereal extract washed, dried (anhydrous MgSO^) and concen- 
trated in the usual manner. The product mixture on GLC analyses 
and subsequent column chromatography as described for the reaction 
2(a), yielded benzene (4%), toluene (4%), phenol (4%), iodobenzene 
(8%), p-cresol (4%) , p-iodotoluene (10%) , 2-phenyl- 2-ni tropropane 
(0.025 g; 3%) & 2- (p-tolyl) -2-ni tropropane (0*018 9; ca. 2%) , No 

precipitate of the dimedone derivative of formaldehyde was 
obtained. 
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(c) with phenyl-p-tolyliodonium brom ide (5 x 10~ mol) and lithium 
2-nitropropan-2-i.de in 1;2 molar ratio under nitrogen atmos - 
phere at 30 °C in complete darkness 

A slurry of phe'nyl-p- tolyliodonium bromide (1.875 g; 

5 x 10 mol) in methanol (50 ml) was reacted with a solution of 
lithium 2-nitro propan- 2-ide (0.95 g; 0.01 mol) in 50 ml methanol 
at 30°C, under nitrogen atmosphere in complete darkness (the 
reaction flask was wrapped in black paper) . The reaction 
mixture was poured into a saturated aqueous solution of KI 
(200 ml) , after 48 hr to precipitate the unreacted phenyl-p- 
tolyliodonium cation as its iodide. This yielded phenyl-p-tolyl 
iodonium iodide (0.253 g, 12%); m.p. 152°C; lit. 56 m.p. 153°- 
154°C. The mother liquor was diluted and extracted as described 
for the reaction 1 (b) . The ethereal extract, so obtained, was 
washed, dried (anhydrous MgSO^) , filtered and concentrated. The 
concentrate was analyzed by GLC and column chromatography as 
described for the reaction 2(a). The product distribution 
obtained was benzene (20%), toluene (18%) , .iodobenzene (38%), 
p-iodotoluene (47%), biphenyl (2%), di-p-tolyl (2%), a trace of 
p-methyl biphenyl, 2, 3-dinitro-2, 3-dimethylbutane (5%), 2-phenyl - 
2-nitropropane (0.173 g? ca. 21%) and 2- (p-tolyl) -2-nitropropane 
(0.125 g; ca. 14%). The yield of formaldehyde, estimated as its 
dimedone derivative was 32%, 
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3. Reactions of phenyl-p- an isyliodonium bromide with lithium 
2-nitropropan-2-ide 

O 

(a) with phenyl-p- anisylio don ium bromide (5 x 10 mol) and 

lithium 2-nitropropan-2-ide in 1:2 molar ratio in nitrogen 
atmosphere at 30° C, under laboratory lights 

A slurry of phenyl-p-anisyliodonium bromide (1.955 g; 

5 xlO mol) in 50 ml methanol was reacted with a solution of 
lithium 2-nitropropan-2-.ide (0.95 g; 0.01 mol) in 50 ml methanol 
at 30° C, under nitrogen atmosphere/ in a manner similar to that 
described for the reaction 1(a). The reaction was found to be 
complete in 48 hr, as a small sample of the reaction mixture 
did not give any precipitate with saturated aqueous solution of 
KI. The reaction mixture was poured into 250 ml water. A 50 ml 
portion of this solution was immediately used for the estimation 
of formaldehyde. The rest of the solution was extracted with 
ether (4 x50 ml) . The combined ethereal extract was washed, 
dried over anhydrous MgSO^, filtered and concentrated to 
50 ml, as described for the reaction l(a). This concentrate 
was analyzed by GLC using 10% SE-30 on Crom-P (85-100 M) column 
of 2 m length. The products were identified by a comparison of 
their retention times with those of the authentic samples and 
the yields were determined by comparing the peak areas with those 
of the standard authentic samples. The yields of various products 
identified were: benzene (23%) , anisole ( 18 %) , iodobenzene (38%) , 
p-methoxyiodobenzene (57%) , biphenyl (3%) , di-p-anisyl (3%) , a 
trace of p- me thoxyid phenyl and 2, 3-dinitro-2, 3-dimethylbutane 
(5%) . The ethereal extract was then concentrated further and 
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charged over a column of activated basic alumina. Elution with 
petroleum ether (b.p. 60-66° C) first gave a mixture of benzene/ 
anisole/ iodobenzene and bi aryls. Further elution of the column 
with petroleum ether (60-80°C) gave p-iodoanisole (0.667 g, 57%) 
m.p. 51°C; lit. m.p. 51-52°C. Later, elution with a mixture of 
petroleum ether (b.p. 60-80°C) and benzene (4: l) gave 2-phenyl-2- 
nitropropane (0.231 g; ca. 28%) and 2- (p-anisyl) - 2 -nitropropane 
(0.127 g; ca. 13%), identified by comparison of their IR spectra 
with those of the authentic samples and by their elemental anly- 
ses. The yield of formaldehyde estimated as its dimedone deriva- 
tive was found to be 35% (based on phenyl-p-anisyliodonium 
bromide) . 

(b) with phenyl-p-anisyliodonium bromide (5 x 10~ mol) and lithium 
2 -nitropropan- 2 -ide in 1:2 molar ratio in oxygen atmosphere 
at 30° C, under laboratory lights . 

A slurry of phenyl-p-anisyliodonium bromide (1.955 g; 

5 xlO mol) in 50 ml methanol was reacted with lithium 2 -nitro- 

propan-2-ide (0.95 g; 0.01 mol) dissolved in 50 ml of methanol 

at 30°C. Oxygen was continuously bubbled through the reaction 

mixture, which was stirred for 96 hr under the conditions 

described for the previous reaction. At the end of this period, 

the reaction mixture was poured into a saturated aqueous solution 

of potassium iodide (200 ml) to precipitate the unreacted 

phenyl-p-anisyliodonium cation as its iodide. The precipitate, 

so obtained, was filtered, washed in turn with water, methanol 

and ether and dried under vacuum. This yielded phenyl-p-anisyl- 

5 1 

iodonium iodide (1.662 g, 85%) 7 m.p. 163°C; lit. m.p. 162.5 to 
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163. 5°C. The mother liquor left after the removal of this 
precipitate, was diluted and extracted as described under the 
reaction l(c). The ethereal extract was washed, dried (anhy- 
drous MgSO^) and concentrated in the usual manner. The product 
mixture on GLC analyses and subsequent column chromatography as 
described for the reaction 3(a) yielded benzene (4%), anisole 
(4%), phenol (5%), iodobenzene (6%), p-methoxyio do benzene (8%), 
p-methoxyphenol (4%), 2-phenyl-2-nitropropane (0.017 g; ca. 2%) 
and 2- (p-anisyl) - 2-nitropropane (0.02 g; ca. 2%). No precipitate 
of the dimedone derivative of formaldehyde was obtained. 

(c) with phenyl-p-anisyliodonium bromide (5 x 10 mol) and 
lithium 2-n.itropropan-2-ide in 1:2 molar ratio under 
nitrogen atm osphere at 30° C in complete darkness 

■ 1 mm m> mm mm mm m 

A slurry of phenyl-p-anisyliodonium bromide (1.955 g; 

5 x 10 mol) in 50 ml methanol was reacted with lithium 2-nitro- 
propan- 2-ide (0.95 g; 0.01 mol) dissolved in 50 ml methanol, in 
complete darkness under otherwise identical conditions as those 
described for the reaction 3(a) (the reaction flask was wrapped 
in black paper) . The reaction remained incomplete in 48 hr. At 
the end of 48 hr, the reaction mixture was poured into a satura- 
ted aqueous solution of KX (200 ml) to precipitate the unreacted 
phenyl-p-anisyliodonium cation as its iodide. This yielded, after 
filtration, washing and drying in vacuum, phenyl-p-anisyliodonium 
iodide (0.329 g; ca. 15%); m.p. 162°C; lit. 51 m.p. 162.5- 
163. 5® C. The mother liquor was diluted and extracted as describ- 
ed previously for the reaction 1 (b) . The ethereal extract. 
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so obtained, was washed, dried (anhydrous MgSO^) , filtered and 
concentrated. This concentrate was analyzed by GLC and column 
chromatography as described for the reaction 3 (a) . The product 
distribution obtained was: benzene (18%) , anisole (15%) , iodo— 
benzene (33%) , p-methoxyiodobenzene (50%) , biphenyl (ca. 2%) , 
di-p-anisyl (ca. 2%), a trace of p- me thoxybi phenyl, 2, 3-dinito- 
2, 3-dime thylbutane (5%), 2-phenyl-2-nitropropane (0.206 g? 
ca. 25%) and 2- (p-anisyl) -2-nitropropane (0.107 g; ca. 11%). 

The yield of formaldehyde estimated as its dimedone dierivative 
was 30%. 
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CHAPTER III 


RADICAL NUCLEOPHILIC SUBSTITUTION 
MECHANISMS IN THE REACTIONS OF ARENE- 
DIAZONIUM CATIONS WITH NITRITE AND 
2- N I TRO PRO PAN ATE ANIONS 


III . 1 Abstract 

The undesirable effects of an excess of nitrite ion on the 
yields of arenedi azonium salts, in the diazotization of primary 
aromatic amines, arises due to the formation of reactive aryl 
radicals in a subsequent reaction between the arenedi azonium salt 
and the nitrite ion. A study of the reactions of ben zenedi azonium 
fluoroborate, p-nitroben zenedi azonium fluoro borate and p-methoxy- 
ben zenedi azonium fluoroborate with sodium nitrite has been con- 
ducted in methanol solvent at 0°C, under varying conditions. 
Although the arenedi azonium fluoroborates under study are stable 
in methanol for at least 2 hr at 0°C, the addition of sodium 
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nitrite results in an instantaneous evolution of nitrogen gas 
yielding protodediazoniated products and nitroarenes besides 
biaryls/ phenols and formaldehyde. The reaction with p-nitro- 
benzenedi azonium fluoroborate is faster and that with p-methoxy— 
benzenediazonium fluoroborate slower compared to the reaction with 
benzenediazonium fluoroborate. These reactions are catalyzed 

by light as well as Cu(ll) ions .and retarded by the presence of 
molecular oxygen. The intermediacy of aryl cations or aryne 
intermediates in these reactions has been ruled out; but the 
intervention of radicals has been established. The possibility 
of formation of free radicals via covalent di azonitrite; inter- 
mediates has been eliminated. A free radical chain mechanism 
initiated by the transfer of an electron from the nitrite ion 
to the LUMO of arenedi azonium cation and proceeding via the 
formation of nitroarene radical anion intermediates has been 
proposed to account for the observed facts. 

The reactions of the same three arenedi azonium fluoroborates 
with the 2-nitropropanate anion have also been examined. Though 
benzenediazonium fluoroborate and p-rmethoxyben zenedi azonium 
fluoroborate react with lithium 2-nitropropan-2-ide in methanol 
at G°C under nitrogen atmosphere, to yield benzeneazo-2- (2-ni tro) - 
propane and p-methoxybenzeneazo- 2- (2-ni tro) propane, respectively, 
p-nitroben zenedi azonium fluoroborate under similar conditions 
yields both the azo-coupling as well as the dedi azoni ation 
products. Occurrence of dedi azoni ation via an S^Ar pathway or 
by the decomposition of the azo-coupling product. 
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p~n.i trobenzeneaso— 2— (2-nitro) propane has been considered 
unlikely. While the covalent azo compounds are produced by the 
ionic coupling, a parallel free radical chain mechanism has been 
proposed to account for the formation of other products. The 
effect of Cu(l) on these reactions has also been examined. In 
the presence of Cu(l), even benzenediazonium fluoroborate and 
p-methoxybenzenediazonium fluoroborate partly react with 2-nitro- 
propanate anion by the electron transfer mechanism involving 
evolution of nitrogen gas. This constitutes a new example of an 
entrainment process. 


Ill . 2 Introduction 

1 4 

Arenedi azonium salts are versatile synthetic reagents, 

useful both in the laboratory and industry. Reactions of these 

compounds have also contributed immensely to the knowledge of 

5 

chemical theory. The first aromatic diazo compound was 

6 

prepared and studied by Griess in 1858. The structure of these 

compounds is known to depend on pH of the medium. In acidic 

medium, many arenedi azonium compounds have ionic structures like 
4* _ 

Ar-N^NX . Unionized derivatives such as the di azocyanides, 

8 

Ar-N=N-CaT are also known. Though unexpected, diazonium 

9 

compounds are also known to occur in nature. The properties 

and reactions of arenedi azonium compounds have been extensively 

10 , 11 


reviewed 
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A majority of chemical reactions of aren edi azonium compounds 
can be put under two general categories. In the reactions of 
first category, the diazo group is replaced by another atom or a 
group of atoms, with the evolution of nitrogen gas. The reactions 
of second category result in the formation of a new bond at the 
beta-nitrogen. The reactions under the two categories are 
depicted in Scheme III.l: 

SCHEME III.l 

Ar-X + N 2 


Ar-N=N-Y 



In most of their reactions involving ejection of nitrogen, arene- 
diazonium salts have been viewed in the literature’'"*"* - ''" 3 to act 
as precursors of either aryl cations or aryl radicals, via the 
pathways shown in Scheme III. 2: 


S N i mechanism: 


SCHEME III. 2 


+ t 

Ar-N=N > Ar^ + N 2 

Ar + + X“ > Ar-X 


HomolytJ-c mechanism: 


Ar — N3sT + X" > Ar-N=N-X 

Ar-N=ft-X 


* Ar’ + N 2 + *X 


Ar* + *X 


Ar-X 



Ill 


Although the reactions of arenediazonium cations involving aryl 
cation intermediates have been examined in great detail in the 
past, those involving aryl radicals have attracted the attention 
of chemists relatively recently. 


The fate of arenediazonium cations in basic media has been 

examined in detail. Under these conditions, the arenediazonium 

1 4.— 1 ft 

cations are known to react by a free radical mechanism.- 

Thus, for the reactions of arenediazonium salts with alcohols 

at high pH and in the presence of acetate buffers, a free radical 

17—19 

chain mechanism outlined in Scheme III. 3, has been proposed: 


SCHEME III. 3 


C c H c -’N=N + OCH_ - 
DO 3 T" 


C c H c — N=N + OAc - 

DO -r 


C 6 H 5 — N=N— OCH 3 


C 6 H 5 -N=N-OAc 


CH-O* + CH-OH - 
3 ^ . 3 

(Similarly, CH 3 -C-0 -t-CH^OH 


C 6 H 5 ' + CH 3 OH 


C 6 H 5 -NT=N + *CH 2 OH 


2 C 6 H 5 


c 6 h 5 * + *ch 2 oh 


C 6 H 5 - N-N + CH 3 OH 



C c H c -N=N-OCH_ 
DO 3 


• * 

(1) 


c 6 h 5 -n=n-oac 


• • 

(2) 


C c H c ’ + N_ + * 
DO / 

och 3 

* * 

(3) 


C 6 H 5* + n 2 + * 

OAc 

• • 

(4) 

■» 

CH OH + * CH OH 

3 2 

• « 

(5) 


CH 3 -C-OH + *CH 2 OH) 




C 6 H 6 + .CH 2 OH 


• • 

(6) 


C 6 H 5* + N 2 + 4 

CH 2 OH 

• • 

(7) 

-» 

C 6 H 5“ C 6 H 5 


■ * • 

(8) 


c 6 h 5 ch 2 oh 


m m 

(9) 


c 6 h 5 och 3 + n 2 

J. 

+ H + 

« » 

(10) 
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20 — 22 

Bunnett and coworkers have also examined the above reactions 

and their conclusions also support this mechanism, with the 
exception that these authors prefer Eqns. (ll) and (12) over 
Eqn. (7) : 

*CH 2 0H + CH 3 0~ ^ * CH 2°" + CH 3 0H ..(11) 

+ 

*CH 2 0 + C 6 H 5 N 2 > C 6 H 5 * + N 2 + CH 2 0 ..(12) 

The kinetics of the reactions of arenediazonium cations with 

methoxide ion yielding syn- and anti-diazomethoxides have also 
been studied. ^3* 24 

In acidic methanol, arenediazonium cations are known to 
undergo thermolysis at 80°C by a S^i mechanism under oxygen 

atmosphere and by a free radical process under nitrogen atmos- 

25 26, 27 

phere. Independent competitive pathways have been proposed 

for the formation of protodediazoniated products and arylalkyl 

ethers (Scheme III. 4): 


SCHEME III. 4 


S N i mechanism: 

ArN* ^ Ar + + N 2 

Ar + + CH 3 0H > ArOCH 3 + H + 


Free radical mechanism ; 

Ar* + CH 3 0H 
+ 

'CH 2 0H + Ar-N=N 
Ar-N=N* 

£ch 2 oh h 2 c=o-hJ 


N atmos. 

— - > Ar-H + *CH 2 0H 

> Ar-N=N + + CH 2 0H 

> Ar* + N 2 

> CH 2 0 + H + 
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Mode of initiation of the free radical chain is not clear, but 

electron transfer from methanol to the arenediazonium cation 

has been proposed by Bunnett and Yijima. In aqueous ethanol 

28 

also, arenediazonium salts, are reported to decompose via free 
radical intermediates. 

Protodediazoniation of arenediazonium cations has been 

accomplished by the use of reducing agents like hypophosphorous 

= , 29, 30 . . , . 31-32 ,, 33 _ ^ 34 

acid, zinc m alcohol, ethers, ferrous sulphate, 

35 

rhodium complexes and sodium borohydride. Most of these 

reactions involve aryl radicals as intermediates? but in the 

36 38 

reductions by NaBH^, ~ radicals as well as aryl anions have 
been proposed. 

Arenediazonium fluoroborates and salts of other fluoroacids 
39-42 

are known to yield aryl fluorides on thermal decomposition. 

39 43 39 44 

Both free radical ana ionic ' mechanisms have been 

proposed. The reactions of chloride and bromide ions with arene- 
diazonium salts have been suggested to follow concerted bimole- 
45 46 

cular as well as free radical mechanisms; but nucleophilic 

47 

displacement of nitrogen has been ruled out. These reactions 

are generally carried out in the presence of copper or cuprous 

48—5 1 

halides (Sandmeyer reaction) . 

5 2 53 

Polarographic reduction 5 * 7 of arenediazonium cations, 
generating diazenyl radicals (Scheme III. 5), gives the first 
wave at a cathode potential around -0.55 volt. These reductions 

also show a second wave at relatively higher cathode potentials. 
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SCHEME 1 1 1. 5 



The coulometric studies^ 4 on these cations also support the 
results obtained from polarographic reductions. 

In view of the high electron affinity of arenediazonium 
cations, recent interest on the reactions of these, has been 
mainly centred around the possibility of generating aryl radi- 
cals via electron transfer processes. Thus copper (l) salts have 

5 t 55—57 

been effectively used * for the one electron reduction of 

arenediazonium cations. For example, Cu(l) catalyzed decomposi- 
tion of the diazonium salt of ortho-amino-N,N-dimethylbenz- 

5 8 

amide leads to the formation of a free radical, which undergoes 
facile 1,5-hydrogen shift giving, after work up, N-methylbenz- 
amide, according to Scheme III. 6: 


Sr.KRM'R TTT.5 



0 
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Single electron reductions of arenediazonium cations by 
sodium dithionite, titanium (ill ) , ^ copper, ^ or radi- 

cals such as ’CH^OH, *CHMeOH, *CMe 9 0H and * CO are known to 

ry 

generate aryl radicals. The reaction of phenoxide anion with 

the benzenediazonium cation producing 4-hydroxyazobenzene has 
6 3 

been found to proceed via an electron transfer free radical 
mechanism outlined in Scheme III. 7: 



The first step in the reactions of aromatic amines with arene- 

64 

diazonium cations has been shown by ESR studies to be an 
electron transfer from the former to the latter (Scheme III. 8) : 


SCHEME I I I. 8 
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65,66 

The reactions of arenediazonium fluoroborates with iodide, 
G 7 

thiophenoxide and 2, 4, 6-tri-tert.butylphenoxide anions have 
been demonstrated by Singh and coworkers bo proceed through free 
radical chain processes wherein the significant first step is 
the transfer of an electron from the anion to the arenediazonium 
cation. The mechanism proposed is outlined in Scheme III. 9: 

SCHEME III. 9 



The reactions of arenediazonium cations with sodium naphthalene 

68 

have also been shown in our laboratory to occur by initial 
transfer of an electron to the diazonium cation. Different steps 
of these reactions are outlined in Scheme III. 10: 
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The replacement of the diazo group by a nitro group has 

been attempted by Sandmeyer,^ 9 Meisenheimer and coworkers, 

71 72 73 

Vesely and Dvorak, Orton, . Bucherer and Van der Recke, 

74 75 

Hantzsch and Blagden, and Contardi. In each case, however, 

10 

the reactions were of limited application. Many variations 

including the use of catalysts, have been suggested with a view 

to improving the yields. Methods of preparation of nitro 

compounds by the replacement of a diazo group have been 
, 86 

reviewed. . 

The reaction between sodium nitrite and a diazo compound 

87 

in dilute sodium hydroxide was suggested by Hodgson to involve 
an attack of the anionoid 0-N=0 group at the carbon atom bonded 
to nitrogen (Eqn. 13) : 






+ N 2 + NaOH 


. . (13) 


i 

The adverse effect of an excess of sodium nitrite during the 

8 1 

diazotiz ation of an aryl amine mentioned previously in 

Section III.l is thought to arise as a result of the reaction 

of former with arenediazorium salts producing reactive aryl 

radicals, which attack various compounds present in the medium 

88 

to give complicated mixture of products. The formation of 

biphenyl in the reaction of benzenediazonium fluoroborate with 

87 

the nitrite anion leads one to presume that the process may 
involve the transfer of an electron from the nitrite ion to the 
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diazonium cation resulting in the generation of a phenyl radical 
via the formation of a diazenyl radical. Subsequent dimerization 
of phenyl radicals would yield biphenyl. 


The reactions of arenediazonium salts with sodium nitrite 

. 89 

m aqueous solutions/ in the absence of a catalyst are known 

to yield nitro aromatics in 10-75% yields. The mechanism 
89 

proposed for these reactions is given in Scheme III. 11: 

SCHEME III. 11 


4 - 

X C,H N _ + NO~ 
n d o— n 2 2 


X n C 6 H 5-n N 2 N °2 + N °2 


-> X C^-Hj- N NO 
n 6 5-n 2 2 


-N, 


* X n C 6 H 5-n N0 2 + B0 2 


(X = any substituent and n = an integer) . 


The orientation and partial rate factors for the phenyl a- 

tion of substituted benzenes with benzenediazonium tetrafluoro- 

88 

borate and sodium nitrite in DMSO have been studied and based 

on the data obtained, intervention of phenyl radicals in these 

90—92 

reactions has been suggested. Two alternative modes of 

90 

formation of phenyl radicals, which have been considered, are 
outlined in Scheme III. 12: 

SCHEME III. 12 

+ _ 

Ph-N=N + 0-N=0 > Ph-N =N-0-N=0 

(i) Ph-N=N-0-N=0 Ph* + N 2 + *N0 2 

(ii) 2 Ph-N=N-0-N=0 > Ph— N=N-0— N=N-Ph + N 2 0 3 

Ph-N=N-0-N=N-Ph > Ph* + N 2 + Ph-N=N-0* 
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The amhident anion, 2-ni tropropan- 2-i de is known to react 

with appropriate substrates by either an electron transfer 

process or by a nucleophilic pathway. For example, though the 

2-ni tropropan ate anion reacts with certain un substituted benzyl 

halides by a nucleophilic displacement process to give O-alkyla- 

9 3 94 

ted products, which subsequently yield aldehydes, ' it is 
95 

known to transfer an electron to p-nitro substituted benzylic 

halides, resulting in the formation of C-alkylated products. 

0 - 



Me 2 C=N0 2 


l 



+ Me 2 C=N-0' 


+ Me 2 CHN0 2 



Thus, it is a convenient reagent for investigating the pathways 
of reactions in which it may participate. 


The ambident nitrite anion is also known to be oxidized 

96 97 

by the oxidizing agents ' comparatively weaker than the 
arenediazonium cations. Thus, it reacts with p-nitrocumyl 
chloride by an electron transfer free radical mechanism giving 
a dinitro compound in very high (upto 95%) yield. 96 
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In view of the interesting mechanistic possibilities of 
reactions of ambident nucleophiles at various electrophilic 
sites in arenediazonium cations, it was decided to examine the 
reactions of some arenediazonium cations with nitrite and 
2-ni tropropan ate anion s . 

III. 3 Results and Discussion 

The occurrence of a novel electron transfer mechanism 
involving free radical intermediates in the reactions of arene- 
diazonium cations with the iodide ion was reported some time 
back from our laboratory. It is also known®® that reactive 
aryl radicals are formed as intermediates in the reactions of 

arenediazonium salts with the' ambident nitrite anion; but the 

89 

mode of formation of these aryl radicals is not clear. The 
reactions of another useful, ambident nucleophile, 2-nitro- 
propan-2-ide (which is a potential electron donor towards 
positively charged substrates) with arenediazonium cations have 
not yet been reported in the literature. It was, therefore, 
decided to examine the mechanistic details of the reactions of 
a few arenediazonium salts with ambident nitrite and 2-ni tro- 
propan- 2-ide anions. 

The reactions of benzenediazonium fluoro borate la, p-nitro- 
benzenediazonium fluoroborate lb, and p-methoxybenzenediazonium 
fluoroborate Ic, with sodium nitrite in methanol medium at 0°C, 
under varying conditions gave the results summarized in 
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Table III.l. From the data obtained, it is clear that in compa- 
rison to the reference substituent H, the electron withdrawing 
p-NO^ group in the aromatic ring of the arenediazonium salt 
accelerates, while the electron donating p-CH^O group retards 
the reaction. This rules out the possibility of aryl cation 
intermediates in these reactions, the formation of which would 
require rate retardation with both the p-NO^ and p-CH-^O substi- 
tuents. Sensitivity to photochemical catalysis, as evident 
from the observed difference in the speeds of the reaction in 

the presence and absence of light, rules out the possibility of 

99 

a simple nucleophilic displacement of nitrogen. This mechanism 
would also not explain the formation of formaldehyde, protodedia- 
zoniated products and bi aryls actually obtained in these reactions. 
Our inability to detect any n>- dinitrobenzene among the products 
in the reaction of p-nitrobenzenediazonium fluoroborate, and 
m-nitroanisole amongst the products in the reaction of p-methoxy- 
benzenediazonium fluoroborate, inspite of careful search, clearly 
eliminates the possibility of occurrence of an elimination- 
addition mechanism (involving aryne intermediates) in these 
reactions. The reaction of benzenediazonium fluoroborate with 
sodium nitrite, when conducted in the presence of acrylonitrile 
under nitrogen atmosphere yielded polyacrylonitrile, as observed 
by Beringer and Bodlaender^^ in the free radical reactions of 
aryliodonium salts with titanous chloride. The reactions of 
benzenediazonium fluoroborate and p-nitrobenzenediazonium fluoro- 
borate with NaNC> 2 were found to be inhibited in the presence of 

molecular oxygen (runs 3 and 8) . 
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TABLE III.l : Reactions 8 of Arenediazonium Fluoro borates I 
with Sodium Nitrite in Methanol at 0°C. 



Arene- 

diazo- 

nium 

Fluoro- 

borate 

I 



% Yield of 

Products* 5 


Run 

Molar 

Ratio 

NaNCyl 

Reac- 

tion 

Atmos- 

phere 

a 

0) 

Cr> 

O 

u 

-p 

•H 

X 

If) 

X 

VO 

O 

1 

X 

CM 

o 

& 

X 

KD 

V 

1 

cc 

1 

04 

X 

o 

X 

\D 

0 
ci 

1 

& 

CO 

rH 

M 

(0 

•H 

PQ 

o c 

CM 

X 

O 

1 

la 

1.00 

Nitrogen 

100% in 

600 sec. 

44 

13 

5 

21 

35 

2 

la 

0.75 

Ni trogen 

90% in 

600 sec. 

42 

9 

4 

18 

34 

3 

la 

1.00 

Oxygen^ 

51% in 

1800 sec. 

11 

4 

22 

5 

10 

4 e 

la 

1.00 

Ni trogen 

100% in 
1200 sec. 

45 

12 

5 

20 

37 

5 f 

la 

1.00 

Nitrogen 

100% in 

300 sec. 

48 

10 

3 

26 

40 

6 

lb 

1.00 

Nitrogen 

100% in 

120 sec. 

60 

12 

4 

16 

51 

7 

lb 

0.75 

Nitrogen 

100% in 

120 sec. 

68 

8 

2 

14 

57 

8 

lb 

1.00 

Oxygen^ 

80% in 

1800 sec. 

41 

6 

21 

7 

40 

9 g 

Ic 

1.00 

Ni trogen 

10% in 

3600 sec. 

8 

— 

— 


5 


a> 4 t 5 xlO” 3 mol of p— R-CgH .-I^BF^ - were reacted with NaNO in 
methanol solvent at o"C. 


b. Percentages based on arenediazonium fluoroborate. 

9, Estimated as dimedone derivative. 

d, Initial oxygen atmosphere was gradually replaced by nitrogen 
as reaction proceeded. 

e, In dark; f. In the presence of 5 xlO -3 mol of CuB^. 

q, On the addition of diethyl ether, 90% of Ic was recovered 
back. 
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These observations indicate that aryl radicals may be 
effective intermediates in the reactions under consideration. 
Indeed# generation of phenyl radicals by the reaction of nitrite 
ion with benzenedi azonium salts in DMSO has been reported to 
constitute the best preparative method towards homolytic aromatic 

OQ 

phenyl ati on. The intermediacy of covalent, kinetic ally 

9 1 9 9 

controlled products (see ref. 117) i.e., di azonitrites, ' 
which could produce radical species by the homolysis of C-N and 
N-0 bonds, is unlikely in these- reactions, in view of the obser- 
vation that in the reaction of p-aiethoxybenzenedi azonium fluoro- 
borate, 80% of the starting material was recovered unchanged 
on addition of diethyl ether to the reaction mixture after 
3600 sec. On the other hand, the ambident 2-nitropropanate anion 
was found to react with p-methoxybenzenedi azonium cation at 0°C 
in methanol medium to yield the thermodynamically stable (see 
ref. 117) p-methoxyben zeneazo- 2- (2-nitro) propane in 85% yield (cf. 
Table III. 2). These observations highlight the fact that the 
formation of azo compounds in the reactions of Ic with some anions 
other than nitrite anion is a facile process at 0°C. It is 
noticed that the kineticallv controlled product i.e. the diazo- 
nitronic ester was not formed in this reaction (see discussion 
later in this section) . Also, the substantial difference in 
rates observed in the reactions of benzenedi azonium fluoroborate 
and p-methoxybenzenedi azonium fluoroborate is inconsistent with 
the difference in rates expected in such cation- anion reactions 
of arenedi azonium salts. 101 Furthermore, the time for 100% 
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completion of the reaction of p-nitrobenzenediazonium fluoro- 
borate with sodium nitrite taken in 1:0.75 molar ratio (run 7) 
is the same as for the two reactants taken in equimolar ratio. 

If the di azonitrite intermediate was involved then the two 
reactants in 1:0.75 molar ratio could not have given more than 
75% reaction. It is noteworthy in this context that nitrite ion 
has a redox potential 1 much less than the reported threshold 
redox potential of 1 V for the reductants in the one electron 
transfer reduction of arenediazonium cations. 

N0 2 " ^ N0 2 + e E° = -0.88 V 

96 97 

Nitrite ion is also known ' to reduce oxidizing agents known 

to be comparatively weaker than the arenediazonium cations. The 

68 

arenediazonium cations on the other hand, are known to undergo 
reduction by accepting an electron in the Jt system. 

In view of the foregoing observations and arguments, we 
propose an electron transfer chain mechanism outlined in 
Scheme III. 13, which accounts for all the observations recorded 
for our reactions of arenediazonium cations with the nitrite 
anion. 

The initiation step is a photochemically catalyzed single 
electron transfer from the nitrite ion to the LUMO of the arene- 
diazonium cation I, through the formation of a ft -complex. The 

diazenyl radical II, may undergo heterolysis of the C-N bond to 

65 

yield gaseous nitrogen and an electrophilic jt -aryl radical. 
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SCHEME III. 13 


4* 

p-R-C 6 H 4 -N=N + N0 2 > 

I 

p-R-C 6 H 4 -N=N > 

II 

p-r-c 6 h 4 * + no 2 " ^ 

III 

£p-r-c 6 h 4 -no 2 J 7 + I > 

p-R-C g H 4 * + CH 3 OH ; > 

p-R-C,H„-&=N + *CH OH > 11 + 

6 4 2 — ■ 

p-r-c 6 h 4 - + r-c 6 h 5 

2 P-R-C 6 H 4 - ;> 


p_R_C 6 H 4 -N=N + N0 2 .. (14) 

II 

p-R-CgH 4 * + N 2 .. (15) 

III 

[p-R-C 6 H 4 -N0 2 J * . . (16) 

IV 

II + p-R-C 6 H 4 -N0 2 .. (17) 

R-C-H,. + * CH OH .. (18) 

O D Z 


Jh 2 OH; Jh 2 OH CH 2 0 + (ig) 

p-R-C 6 H 4 -C 6 H 4 -R .. (20) 

p-R-C 6 H 4 -C 6 H 4 -R-p .. (21) 


This electrophilic Jt -aryl radical reflects the nature of the 

transition state leading to it and may at best have a transitory 

existence before reverting to the stable cr -aryl radical. The 

cr* — phenyl radical III is more stable by 2.45 eV, than' the 

10 3 

% -phenyl radical. The cr - aryl radical so formed, may then 

couple with the ambident nitrite anion to yield the radical 
anion IV . 

2 

The cr -aryl radical has one electron in a carbon sp orbital, 
the axis of which is in the plane of the benzene ring. Conceiva- 
bly, as the filled lone pair orbital of the nitrogen atom in the 
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2 

nitrite anion overlaps with the partially vacant sp orbital of 

s the aryl radical to form a<r bond, the "extra" electron is 

accommodated in the o- * orbital of the C-N bond under formation. 

The immediate product of such a combination of a radical and an 

104 

anion is thus a er * radical anion. The cr* radical anion then 

changes slowly into the more stable radical anion, presumably 

with the assistance of bending vibrations to circumvent the 

.orthogonality constrain t. The C-N r* (antibonding) orbital is 

at a high energy level owing to the high electronegativity of 

nitrogen and thus, the energy requirement for the C-N coupling 

10 5 

reaction would be high. This energy requirement is effect- 

ively satisfied by the formation of the new C-N <r bond in the 
radical anion. 


Theji,* radical anion IV then transfers an electron to the 

68 

arenediazonium cation I by a * — * 3 t* electron transfer 

process, propagating the chain. The chain termination occurs 
via steps (18) , (20) and ( 2 1) . Owing to high energy requirements 

of step (16) and good hydrogen atom donating ability of methanol, 
step (18) is faster than step (16) , resulting in lower yields of 

1 O A 

nitrated products as compared to protodediazoniated products. 

The reaction with p-CH-^O-CgH^N* is, however, slower due to its 

lower oxidizing power (in terms of half wave potentials) 

+ + 

compared to CgH^-N 2 or p— 0 2 N-CgH 4 ~N 2 , and also because of slower 

-ch 3 o-c 




iterolysl 


J, bb 


of the C-N bond in 
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The fact that p-methoxyphenyl radical does not couple with the 
107 

nitrite anion, due to its lower electrophilicity, explains 
the total absence of p-methoxynitrobenzene among the products in 
run 9. 

Oxygen inhibits the reaction presumably by interfering with 

the chain process^®' of Scheme III. 13. It is known that 

molecular oxygen rapidly reacts with the potassium salt of nitro- 

benzene radical anion to give potassium superoxide K 0^* and 

nitrobenzene quantitatively. We, therefore, suggest that oxygen 

can effectively interrupt the chain process by accepting an 

electron from the radical anion IV. Oxygen may also couple with 

18 

the aryl radicals to produce an aryl hydroperoxide which 

111 

decomposes to give an aryloxyradical. This aryloxy radical 

112 

may abstract a hydrogen atom from methanol to yield phenol as 
outlined in Scheme III. 14: 

SCHEME III. 14 

p-R-Cgty + o 2 

p-R-C-H -0-0* + CH,0H 
e 6 4 3 

p— R— C-H .-0— OH 
* 6 4 

p-R-C 6 H 4 -0* + CH 3 0H 

Alternatively, the aryloxy radical may accept an electron from 
the nitrite ion to give aryloxy anion, which may yield phenol 
on work up. 


■» p-r-c 6 h 4 -o-o* 

> P-R-CH.-O-OH + * CH„0H 
o 4 Z 

4 p— R-C-H .-0* + *0H 
6 4 

■> p-R-C 6 H 4 -OH 4* *CH 2 0H 
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p-r-c 6 h 4 -o* + no 2 ' 


-* p-R-C 6 H 4 -0 + NO 2 


H 


p-R-C,H.-0 £ > p-R-C,H.-OH 

* 64 work up 64 


Steps (16), (18), 


dented. 


60a, 113, 114 


(19) and (20) of the Scheme III. 13 are prece- 


Phenols, formed in small amounts in the reactions of 

benzenediazonium fluoroborate la and p-nitrobenzenediazonium 

fluoroborate lb with sodium nitrite under nitrogen atmosphere, 

do not arise due to the presence of oxygen as impurity in the 

nitrogen gas sample used, since the reaction of la with cuprous 

bromide using the same batch of nitrogen does not produce even a 

small quantity of phenol. Cuprous ions are known to generate aryl 

51 

radicals on reaction with arenediazonium cations. Also, since 

arenedi azonium cations I were found to be stable in methanol 

under our reaction conditions and did not decompose to yield 

methyl aryl ethers even in traces on stirring for 2 hours in 

methanol at 0°C, the possibility of formation of aryl cations is 
27 

ruled out. An alternative conceivable pathway is the coupling 
of aryl radicals through the oxygen atom of the ambident nitrite 
anion, to yield the radical anion V. This radical anion V could 
transfer an electron to arenediazonium cation I, yielding the 


nitrite VI : 

p-R-C 6 H 4 * + “0-N=0 


p-R-C 


^H.-O-NrzO* 
6 4 

V 


( 22 ) 


* II + p— R-C^H,-0— N=0 .. 

6 4 

VI 


V + I 


(23) 



129 


Since oxygen has a higher electronegativity than nitrogen, the 

C-Oct* (antibonding) orbital would be at a significantly higher 

energy level compared to the corresponding C-N c r- * level discuss- 
104 

ed above, the formation of the -JC* radical anion by the C-0 

coupling reaction would not be as favourable as by the C-N 

coupling reaction. This explains the preferential coupling of 

the ambident nitrite ion through the nitrogen centre rather than 

its oxygen end with the cr' aryl radicals. The observed lower 

yields of phenols, as compared to the nitrated products, in 

these reactions are consequently accounted for. Though, such a 

coupling of the aryl radicals with oxyanions has not been observ- 

10 4 

ed in other S^i reactions, it may occur to a small extent in 
the reactions with N0 2 ” ion owing to the small electronegativity 
difference between nitrogen and oxygen. Compound VI may be 
attacked by a nitrite ion to give a phenoxide anion, which itself 
or alternatively, the original nitrite VI may yield phenol on 
work up: 


p-R-C 6 H^-0-N=0 + I0-N=0 * p- 

VI S 

— H O (work up) 

p-r-c 6 h 4 -o-n=o 

VI 


P- r - C 6 H 4-° +N 2°3 


p-R-C,H.-0H + HHO, 
6 4 2 


This mechanism also explains the observed catalysis by 
cupric bromide in run 5. Under ordinary conditions, the reaction 
of 5 xlO mol of benzenediazonium fluoroborate with equimolar 

_5 

quantity of NaN0 2 is 100% complete in 600 sec, but if 5 xlO mol 
of CuBr, is present the reaction takes only 300 sec for 100% 
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completion. In aqueous solutions, nitrite ion is known to 
reduce cupric salts to cuprous salts, as shown below: 

NO„“ + 2 Cu 2+ + HJO NO + 2 Cu + + 2 H + 

2 2 ^ 3 

This cuprous ion then transfers an electron easily to the afene- 
diazonium cation, thereby accelerating the reaction. The fact 
that a catalytic amount of CuBr^ considerably reduces the reac- 
tion time, indicates that we are dealing with an oxidation 
reduction system. 

The reactions of benzenediazonium fluoroborate la , p-nitro- 
benzenediazonium fluoroborate lb, and p-methoxybenzenediazonium 
fluoroborate Ic, with lithium 2-nitropropan-2-ide in methanol 
at 0° C, under varying conditions, gave the results summarized 
in Table III. 2. It is noteworthy that the reactions of benzene- 
diazonium fluoroborate and p-methoxybenzenediazonium fluoroborate 
with' 2-nitropropanate anion, yield the corresponding azo compounds 
namely, benzeneazo- 2- (2-nitro) propane and p-methoxybenzeneazo- 
2- (2-nitro) propane, respectively, in near quantitative yields. 

Since the 2-nitropropanate anion has most of its negative charge 

116 

on oxygen atoms, in its planar most stable conformation, it 
is expected to couple with arenediazonium cations through its 
oxygen atom, if a simplified cation-anion interaction is postu- 
lated. Such an unstable intermediate would decompose by the N-0 

90 

bond homolysis, at higher temperatures, yielding the diazenyl 
radical, 2-nitropropyl radical and molecular nitrogen as shown 


in Scheme III. 15: 
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TABLE III. 2 : Reactions 3 of Arenediazonium Fluoro borates It, 
with Lithium 2-Nitropropan-2-ide in Methanol 
at 0°C. 


Run 

Arene- 

diazo- 

nium 

Fluoro- 

borate 

I 

Reac- 

tion 

Atmos- 

phere 


0 

/ 

4 Yield of Products 13 


Nitrogen 

10 

X 

VO 

0 

1 

(X 

03 

O 

s 

CM 

G) 

s 

0 

1 

X 

vo 

0 

1 

05 

1 

P-R-C H -C,H ,-R 
6 4 6 4 

(isomeric 

mixture) 

c 

o 

CM 

o 

'53-0 

ft CM 

X QJ 

l X 

J 5 * a 

X 03 

VO O 

u 

1 

cX 

Qa 

1 

la 

Nitrogen 

- 

- 

- 

* 

- 

90 

2 d 

la 

Nitrogen 

35 

18 

10 

3 

15 

54 

3 

lb 

Nitrogen 

40 

32 

4 

2 

27 

A r- @ 

45 

4 f 

lb 

Oxygen 

20 

3 

tr 


- 

67 

5 d 

lb 

Nitrogen 

54 

43 

5 

3 

36 

35 

6 

Ic 

Nitrogen 

- 

- 

- 

- 

- 

85 

7 d 

Ic 

Nitrogen 

26 

20 

5 

tr 

17 

51 


-3 

a, 5 x 10 mol of arenediazonium fluoroborate was reacted with 
equimolar amount of lithium 2-nitropropan-2-ide in methanol 
at 0°C under nitrogen atmosphere/ unless otherwise stated. 


b. Percentages based on arenediazonium fluoroborates. In addi- 
tion p-nitrophenol (14%) was also formed in run 4. 

c. Estimated as dimedone derivative. 

d/ In the presence of 5 x 10”^ mol of cuprous bromide. 

e , The p-nitrobenzeneazo- 2- (2-nitro) propane was observed to be 
stable under our reaction conditions. 5 xlO -3 mol of 
p-nitrobenzeneazo- 2- (2-nitro) propane was stirred in 30 ml 
methanol at 0°C for 3 hr. On subsequent work up, the start- 
ing azo compound was recovered back quantitatively by column 
chromatography of the reaction mixture. 

f, Initial oxygen atmosphere was gradually replaced by nitrogen 
as reaction proceeded. 
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SCHEME 111,15 

0 “ 

+ f 

p-R-C 6 H 4 -N3Sr + Me 2 C=N0 2 > p-R-C 6 H 4 -N=N-0-N==CMe 2 

VII 


VII > p-R-C 6 H 4 -N-=N + 0=N-CMe 2 

0 


(24) 


(25 a) 


p-R-C c H N=N > p-R-C.H.’ + N 0 

■^6 4 ^642 


. . (25b) 


Formation of such an intermediate, in our reactions, is ruled out 

since nitrogen gas was not evolved in the reaction of benzenedtia- 

zonium fluoroborate even on warming the reaction mixture from 

0°C to room temperature. This observation coupled with the fact 

that the staggered pyramidali zed conformation of 2-ni tropropanate 

anion, with negative charge concentrated on the carbon atom, has 

a very high energy (+43 kcal/mol) and accordingly a very low 

<11 

probability of occurrence, lead us to conclude that the forma- 
tion of azo compounds in this reaction of arenediazonium cations 
occurs via an electrophilic attack of the beta-nitrogen of arene- 
diazonium cation on the central carbon atom of 2-ni tropropanate 
anion as shown in Eqn. 26: 

p-r-c 6 h 4 - 

The formation of intermediate VII may be hindered by the high 

degree of solvation of highly electronegative oxygen atoms of 

117 

2-ni tropropanate anion by the pro tic methanol solvent. 


. H C\ ^ 

N=N + C = N V 




CH. 



'0 


p-R-C.H ,-N=N — C — N0„ 

D + | Z 

CH_ 


. (26) 
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SCHEME III. 16 


p-0 2 N-C 6 H 4 -N=N + Me 2 C=N0 2 '' 

lb 


* &-°2 N - C 6 H 4- N 2 


[p-o 2 n-c 6 h 4 -n 2 ]’ 


p-o 2 n-c 6 h 4 * + n 2 


+ ‘CMe 2 N0 2 

.. (27) 

.. (28) 


P-0 2 N-C 6 H 4 ‘ + Me 2 C=N0 2 “ > 


Me 

1 

p-0 N-C--H .-C-N0 o 
y 2 6 4 i 2 


,J . . (29) 


Me 


VIII 


Me 


VIII + lb > P-0 2 N-C 6 H 4 -N=N + p-0 o N-C fi H /1 -C-N0 2 .. (30) 


2 6 4 


Me 


P-0 2 N-C 6 H 4 * + CH 3 QH 

> 

0J-C,H c + *CH OH 

2 D D 2 

(31) 

*CH 2 0H + lb 

» 

p-o 2 n-c 6 h 4 -n=n + + ch 2 oh 




m • 

(32a) 

j^CH 2 0H < > H 2 C=S-H ] 

> 

CH 2 0 + H + 

(3 2b) 

e-°2 N - C 6V + °2 N - C 6 H 5 

-=s^ 

p -°2 N_C 6 H 4 _C 6 H 4“ N0 2 ** 

(33) 


♦ 

The p-nitrodiazenyl radical, p-0 2 NC 6 H 4 N=:N formed in step 27, 

decomposes by a 'heterolytic cleavage of the C-N bond, yielding 

gaseous nitrogen and a stable cr -p-nitrophenyl radical via an 

65 

electrophilic jt -p-nitrophenyl radical. This cr- -p-nitrophenyl 

radical may couple with the 2-nitropropanate anion to yield the 

radical anion VIII , which transfers an electron to the p-nitro- 

benzenediazonium cation by a jc * — electron transfer 
68 

process. The p-nitrophenyl radical may also abstract a hydrogen 
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atom from methanol to yield nitrobenzene (step 31) or attack 

114 

the initially formed nitrobenzene to yield a mixture of 
isomeric dinitro biphenyls (step 33) , ‘The formation of signi- 
ficant amounts of nitrobenzene in this reaction, highlights the 
effectiveness of the chain termination 1 (step 3l) . The 
p-nitrophenyl radical itself is a good single electron oxidant 

and may accept an electron from the 2-nitropropanate anion 

107 

giving p-nitrophenyl anion, which may subsequently produce 
nitrobenzene on work up or by abstracting a proton from the 
solvent (Eqns. 34 and 35), thus contributing to chain termina- 
tion: 



+ *CMe 2 N0 2 


.. (34) 



H + from methanol 
or during work up 



.. (35) 


Coupling of the p-nitrophenyl radical through the oxygen atom 
of 2-nitropropanate anion does not occur, due to a large diffe- 
rence in the electronegativities of carbon and oxygen. Thus, 
the radical anion expected to form by such a C-0 coupling would 

have a very high energy o" * orbital compared to the tv* orbital 

104 

of the radical anion formed by the C-C coupling, as discussed 
earlier. Oxygen inhibits'*' 08 ' 9 the reaction presumably by 
scavenging the aryl radicals and interfering with step 30. 

52b 

Due to the lower reduction potentials of benzenedia- 
zonium cation and the p-methoxybenzenediazonium cation, the 
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2-ni tropropanate anion is unable to reduce them by the transfer 

of an electron in the manner discussed above. Consequent! y, 

only the azo coupling reaction is observed. Indeed/ we observed 

that in the presence of 10 % mol of highly reducing cuprous 
5 1 

bromide catalyst/ the 2-ni tropropan ate anion reacts even .with 

benzenediazonium fluoroborate and p-methoxybenzenediazonium 

fluoroborate to produce nitrogen gas. The amount of nitrogen 

gas evolved with the attendant dedi azoniation reaction is much 

larger than expected from the electron transfer reduction of 

arenediazonium cations by Cu (I) . Thus, an induced S^i process, 

93 119 

termed as entrainment process, ' outlined in Scheme III. 17, 
is visualized to account for all the observations recorded for 
these reactions (runs 2 and 7) : 


SCHEME i: 

+ 

p_ r_C c H.-N=N + Cu (i) > 

D 4 

la or Ic 

[p-R-C 6 H 4 -H 2 j • — * 

p-R-C 6 H 4 * + Me 2 C=N0 2 “ > 

ix + p-r-c 6 h 4 -n=n > |p-r-c 6 : 

p-R-C,H/ + CH-OH > 

^64 3 

p-R-CgH 4 _N=N + *CH 2 0H — 

J+ch 2 -oh « — > h 2 c=o-h] » 

p-r-c 6 h 4 * + R-c 6 h 5 


.17 


[p-R-c 6 h 4 -n 2 ; 

• 

+ 

Cu(ll) .. 

(36) 

p-R-CgH 4 * + 

N 2 

m • 

(37) 

CH 3 

fp-R-CgH.-C-NO,] 

# m 

(38) 

k- 1 -J 

CH_ 

IX 3 

CH 3 

N + p-R-C 6 H,-^H0„ 




CH 3 

(39) 

R-C,H c + * CH OH 

D D 2 

f • 

(40) 

[p-R-c 6 h 4 -n 2 

• 

4* 

+ ch 2 oh .. 

(41a) 

CH 2 0 + H + 


•• 

(41b) 

p- r -c 6 h 4 -c 6 h 4 -r 

• • 

(42) 
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The aryl radicals formed in step 37, couple with the 2-nxtro- 

propanate anion to yield the radical anion IX , which subsequently 

transfers an electron to the arenediazonium cation la or Ic , 

propagating the chain. Owing to the high reactivity and poor 

120 

selectivity of aryl radicals, the termination of the chain by 
step 40 occurs very effectively. This is also supported by the 
fact that the reaction of p-nitrobenzenediazonium fluoroborate 
is not markedly influenced by the addition of 10% mol of cuprous 
bromide with the 2-nitropropanate anion. 

III. 4 Experimental 

All melting points were taken on MEL- TEMP melting point 
apparatus. IR spectra were recorded on Perkin- Elmer, model-580 
infrared spectrophotometer. GLC analyses were carried out on 
a Chromatography and Company model AC1-FI chromatograph using 
10% SE-30 on Crom-P (85-100 M) column of 2 m length. Column 
chromatography was done over activated silica gel (100-200 M) . 
Silica-gel (asc-India) was used for TLC analyses. Reaction 
products were identified by comparison of their retention times 
in GLC, IR Spectra and TLC with those of the authentic samples, 
elemental analyses, melting or boiling points and mixed melting 
points. Literature melting or boiling points are cited from 
"Handbook of Chemistry and Physics," 50th edition, R.C. Weast 
(Ed.) published by the Chemical Rubber Company, Cleaveland, Ohio, 
unless otherwise specified. 
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Starting Materials 

Benzenediazonium fluoroborate, p-nitrobenzenediazonium 

fluoroborate and p-methoxybenzenediazonium fluoroborate were 

121 

prepared by known procedures and purified before use by 
dissolving in acetone followed by precipitation by the addition 
of absolute ether. Sodium nitrite (BDH) was dried at 60 °C for 
3 hr before use. Lithium 2-nitropropan-2-ide was prepared by the 
known procedure. Absolute methanol was deaerated by 

bubbling pure dry nitrogen gas through it for an hour and stored 
in a sealed flat bottomed flask. Cuprous bromide was prepared 
by the known procedure and used immediately. Dimedone (BDH) 
was used without further purification. 

Stability of arenediazonium fluoro borates in methanol at 0°C 

— 3 

A slurry of benzenediazonium fluoroborate (0.96 g, 5 x 10 
mol) in deaerated dry methanol (60 ml) taken in a 250 ml 
3-neck flask, fitted with a reflux condenser, connected to a 
mercury trap, and maintained at 0°C, was flushed with pure dry 
nitrogen gas under magnetic stirring for 30 min. Stirring was 
continued for further 2 hr, but no evolution of nitrogen was 
observed. On removal of the solvent, benzenediazonium fluoro- 
borate was quantitatively recovered by adding dry ether to the 
cone, methanol slurry. Similarly, p-nitrobenzenediazonium fluoro- 
borate and p-methoxybenzenediazonium fluoroborate were also 
found to be stable at 0°C. Not even a trace of aryl methyl 

ethers could be detected (GLC) in the recovered materials from 
any of the three experiments. 
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1. Reactions of benzenediazonium fluoro borate la with sodium 
nitrite at 0°C 

(a) Reaction with equimolar quantity of la and NaNC^/ under 
nitrogen atmosphere in ordinary laboratory light 

In a 3-neck 250 ml round bottom flask mounted over a 
magnetic stirring base, with a magnet inside, and connected 
to a nitrogen gas cylinder through a purifier, to a gas collector 
through a mercury trap and to a pressure equalizing dropping 
funnel was placed a slurry of benzenediazonium fluoroborate 
(0,96 g; 5 x 10 mol) in 30 ml deaerated methanol. The contents 
of the flask were cooled to 0°C with ice-bath and the tempera- 
ture maintained throughout the reaction period. The solution 
was purged with nitrogen gas with stirring ,for 30 min, and then 
the supply of nitrogen gas from the cylinder was discontinued. 

A solution of sodium nitrite (0.345 g; 5 x 10 mol) in 30 ml 
deaerated methanol was added through the dropping funnel, with 
continuous stirring. The reaction started spontaneously with 
evolution of nitrogen gas and the color of the reaction mixture 
changed to reddish brown. The reaction was complete in 600 sec. 
as determined by the quantitative evolution of the nitrogen gas 
(112 ml as at NTP) . Thereafter, the mixture was poured into 
350 ml of distilled water and the total volume made upto 500 ml 
by the addition of distilled water. A 100 ml portion of this 
solution was kept aside for the determination of formaldehyde 
and the remaining solution extracted with five 50 ml portions of 
ether. The combined ethereal extract was washed, dried 
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(anhydrous MgSC> 4 ) , filtered and carefully concentrated at 
reduced pressure and room temperature to a volume of 50 ml. 

This was analyzed by GLC using 10% SE-30 on Croro-P (85-100 M) 
column of 2 m length. Products were identified by comparison 
of their retention times with those of the authentic samples. 
Yields of the products were estimated by comparison of peak 
areas with those from equal aliquots of standard solutions of 
authentic samples in ether. The yields of various products were 
estimated to be: benzene (44%), phenol (5%), nitrobenzene (13%) 
and biphenyl (21%) . 

Determination of Formaldehyde 

To the 100 ml solution kept for the determination of 
formaldehyde, 100 ml of an aqueous solution of methone was 
added. After stirring for 6 hr, the mixture was allowed to 
stand for 40 hr. The precipitated dimedone derivative of 
formaldehyde was separated by filtration and dried at 60°C. The 
yield of this derivative corresponded to a total of 35% of 
formaldehyde formed in this reaction. The derivative was 
characterized by mixed melting point and its sup erimpo sable IR 
spectrum with that of an authentic sample. 

(b) Reaction with equimolar quantity of la and NaN02 in initial 
oxygen atmosphere under ordinary laboratory lights 

Dry oxygen gas was bubbled for 30 minutes through a slurry 
of benzenediazonium fluoroborate (0.96 g; 5 xlO mol) in 30 ml 
methanol kept in the reaction flask at 0°C. All other conditions 
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were the same as described for the reaction l(a). A solution 
of sodium nitrite (0.345 g; 5 x 10~ mol) in 30 ml methanol was 
added to the above slurry of the diazonium salt. Nitrogen gas 
corresponding to 51% (57 ml as at NTP) completion of the reaction 
was evolved in 1800 sec. The reaction mixture was worked up 
and the products analyzed as described for the reaction l(a) 
above. The product distribution was: benzene (11%)/ phenol 
(22%), nitro'benzene (4%) and biphenyl (5%). The yield of 
formaldehyde estimated as its dimedone derivative was 10%. 

(c) Reaction with equimclar quantities of la and NaN02 / under 
nitrogen atmosphere in complete darkness 

The reaction of benzenediazonium fluoroborate (0.96 g; 

— 3 

5 xlO mol) taken in 30 ml methanol, with sodium nitrite 

— 3 

(0.345 g; 5 x 10 mol) dissolved in 30 ml methanol was allowed 
to proceed at 0°C in complete darkness (the reaction flask was 
carefully wrapped in black paper) ,with rest of the reaction 
conditions remaining the same as in the reaction 1(a). The 
evolution of nitrogen gas was slower as compared to that in 
reaction l(a) and it took 1200 sec. for the quantitative evolu- 
tion of nitrogen (112 ml as at NTP) . The reaction mixture was 
worked up and the products analyzed as described for the reac- 
tion 1(a). The product distribution was found to be: benzene 
(45%) phenol (5%), nitrobenzene ( 12%) and biphenyl (20%). The 
yield of formaldehyde estimated as its dimedone derivative was 
37%. Benzenediazonium fluoroborate and methanol used in this 
reaction and the reaction l(a) were taken from the same batch. 
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(d) Reaction of la with NaNC^ in molar ratio 1:0.75, under 
nitrogen atmosphere and in ordinary laboratory lights 

The reaction of benzenedi azonium fluoro borate (0.96 g; 

5 x 10 mol) with sodium nitrite (0.259 g; 3.75 x 10~ mol) in 

methanol under nitrogen atmosphere at 0°C, with all the other 

reaction conditions remaining the same as for the reaction 1(a), 

was ca. 90% complete, as determined by the quantity of nitrogen 

gas evolved ( 101 ml as at NTP) in 600 sec. The reaction 

mixture, on work up as usual, yielded the product distribution: 

benzene (42%), phenol (4%), nitrobenzene (9%) and biphenyl (18%). 

The yield of formaldehyde estimated as its dimedone derivative 

was 34%. 

(e) Reaction with equimolar amount of la and NaN02, in nitrogen 
atmosphere under ordinary laboratory lights in the presence 
of cupric bromide 

In a 3-neck flask, kept in an ice-bath (0°C) and mounted 
over a magnetic stirring base, a slurry of benzenedi azonium 

fluoroborate (0.96 g; 5 x 10 mol) and cupric bromide (0.011 g; 

—5 

5 x 10 mol) in deaerated methanol (30 ml) was taken. Pure and 
dry nitrogen gas was passed through the solution for 30 min. 
Stirring was started and a solution of sodium nitrite (0.345 g; 

5 xlO mol) in 30 ml deaerated methanol was added through a 
pressure equalizing dropping funnel. The reaction commenced 
immediately with a vigorous evolution of nitrogen gas and was 
complete in 300 sec., as observed by the quantitative evolution 
of nitrogen gas which was collected by the method of downward 
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displacement of water. The reaction was worked up as described 
for the reaction l(a) and analyzed by GLC using 10% SE-30 on 
Crom-P (85-100 M) column of 2 m length. The yields of various 
products estimated were: benzene (48%) , phenol (3%) , nitrobenzene 
(10%) and biphenyl (26%). Formaldehyde, determined as its 
dimedone derivative, was found to be 40% (based on benzenediazo- 
nium fluoroborate) . 

(f) Reaction with equimolar amounts of la and NaNC^, in nitrogen 

atmosphere under ordinary laboratory lights, in the presence 
of acrylonitrile 

The reaction of benzenediazonium fluoroborate (0.96 g; 

5 x 10 mol) and 50 ml acrylonitrile taken in 30 ml methanol 
with sodium nitrite (0.345 g; 5 x 10 mol) contained in methanol 
(30 ml), at 0°C under nitrogen atmosphere, showed the formation 
of solid polyacrylonitrile after 30 min. After 3 hr, the solid 
was filtered and washed in turn with water, methanol and ether. 

It was recrystallized by dissolving in hot dimethyl formamide and 

addition of water to the cold solution. The solid was filtered 

/ „ ICO . 

and dried, m.p. 260°C (dec) ; lit. m.p. 250-310°C (dec) . Poly- 
acrylonitrile was identified by its solubility characteristics 
and IR spectrum. The polymer was insoluble in water, alcohol, 
ethyl acetate, acetone, ether, dichloromethane and pentane but 
soluble in dimethyl formamide. Characteristic infrared absorption 

bands at 2230 cm -1 (CN) , 1450 cm -1 (CH, CH ) and 1050 cm -1 (C-C 

100 

skeletal) were observed as reported in the literature. 
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2. Reactions of p-ni trobenzenedi azonium fluoroborate lb with 
sodium nitrite at Q°C 

(a) Reaction with equimolar amount of lb and NaNO under nitrogen 

— - - ■ - — - mmMmmm - — — - 

atmosphere in ordinary laboratory lights 

A slurry of p-ni trobenzenedi azonium fluoroborate (1.185 g; 

5 x 10 mol) in 30 ml methanol was allowed to react with a solu- 
tion of sodium nitrite (0.345 g; 5 x 10~ mol) in methanol (30 ml) 
at ice-bath temperature (0°C), under nitrogen atmosphere in an 
assembly described for the reaction 1 (a) . The reaction was 
100% complete within 120 sec, as observed by the quantitative 
evolution of nitrogen gas. The reaction mixture was poured into 
350 ml of distilled water and the total volume made upto 500 ml 
with distilled water. A 100 ml portion of this solution was 
immediately used for the estimation of formaldehyde and the 
remaining solution was extracted with ether (5 x50 ml) in the 
usual manner. The combined ethereal extract was washed, dried 
(anhydrous MgSO^) , filtered and concentrated in the same manner 
as described for the reaction 1 (a) . The mixture of products 
was analyzed by GLC using a 10% SE-30 on Crom-P (85-100 M) 
column of 2 m length. The products were identified by comparison 
of their retention times with those of the authentic samples and 
the yields were determined by comparing the peak areas with 
those from equal aliquots of standard solutions of authentic 
samples in ether. The yields of various products identified 
were: nitrobenzene (60%), p-nitrophenol (4%), and p- dinitro- 
benzene (12%) . The crude mixture of products was concentrated 
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further and charged over a column of activated silica-gel 
(100-200 M) . Elution with a mixture of petroleum ether (b.p. 60- 
80° C) and benzene in the ratio 4: 1 first gave nitrobenzene 
(b.p. 85°/l0 mm) in an yield comparable to that determined by 
GLC. Further elution of the column with a mixture of petroleum 
ether (b.p. 60-80°C) and benzene in the ratio 3:2, yielded 
p- dinitrobenzene (0.101 g; 12%). Subsequent elution with a 
mixture of petroleum ether (60-80°C)and benzene in the ratio 1: 1 
yielded a mixture of products, presumably a mixture of isomeric 
dinitrobiphenyls (0.098 g; ca. 16%). This last obtained mixture 
of dinitrobiphenyls gave a single spot on TLC and a single peak 
in GLC which coincided with the spot and peak for the authentic 
sample of 4, 4- dinitro biphenyl. However, the melting point of 

this compound did not coincide with that of 4, 4 ' -dinitro biphenyl 
and furthermore, the mixed melting point of this compound with 
the authentic sample of 4, 4 '-dinitro biphenyl, was depressed. 
Elemental analysis gave: C, 58.98; H, 3.21; N, 11.39%. Calculated 
for c i 2 H 8 N 2°4 (4, 4 1 -dinitro biphenyl or its isomers): C, 59.01; 

H, 3.28; N, 11.48%. Thus, it seems that the compound obtained 
is a mixture of isomeric dinitrobiphenyls, which are inseparable. 
The yield of formaldehyde isolated as its dimedone derivative 
was found to be 51%. GLC analysis showed the absence of 
m-dinitrobenzene in the reaction mixture. 

(b) Reaction with equimolar amounts of lb and NaNO? under 
initial oxygen atmosphere and ordinary laboratory lights 

Dry oxygen gas was bubbled for 30 minutes through a 
slurry of p-nitrobenzenediazonium fluoroborate (1.185 g; 
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5 xlO mol) in 30 ml methanol kept in a flask at 0°C. All 
other conditions were the same as described for the reaction 
2(a), A solution of sodium nitrite (0.345 g? 5 x 10” mol) in 
30 ml methanol was added to the above slurry of the arenediazo— 
nium salt. Nitrogen gas corresponding to 80% completion of the 
reaction was evolved in 1800 sec. The reaction mixture was 
worked up and the products analyzed by GLC and column chromato- 
graphy as described for the reaction 2(a). The product distri- 
bution obtained was: nitrobenzene (41%), p-nitrophenol (21%), 
p- dinitrobenzene (6%) and a mixture of isomeric dinitro biphenyls 
(0.0 25 g; ca. 7%) . Yield of formaldehyde estimated as its 
dimedone derivative, was found to be 40%. GLC showed the 
absence of m-dinitrobenzene in the reaction mixture. 

(c) Reaction of lb with NaN02 in molar ratio 1:0.75, under 
nitrogen atmosphere, in ordinary laboratory lights 

The reaction of p-nitrobenzenediazonium fluoroborate 
(1.185 g; 5 xlO -3 mol) with sodium nitrite (0.259 g; 3.75 xlO -3 
mol) in methanol under nitrogen atmosphere at 0°C, with all the 
reaction conditions remaining the same as for the reaction 2(a), 
was 100% complete as determined by the quantitative evolution 
of nitrogen gas in 120 sec. (i.e. in the same time as required 
for the reaction 2(a)). This reaction mixture, on work up, and 
on analyses by GLC and column chromatography as detailed under 
the reaction 2(a), yielded the product distribution: nitrobenzene 
(68%), p-nitrophenol (2%), p- dinitrobenzene (8%) and a mixture 
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of isomeric dinitrobi phenyls (0.049 g; ca. 14%). The yield of 
formaldehyde, estimated as its dimedone derivative was 57%. GLC 
showed the absence of m-dinitrobenzene in the reaction mixture. 

3. Reaction of p-methoxybenzenediazonium fluoroborate Ic, with 
an equimolar amount of sodium nitrite, under nitrogen atmos - 
phere at 0 & C, in ordinary laboratory lights 

A slurry of p-methoxybenzenediazonium fluoroborate (l.ll g ; 

_3 

5 x 10 mol) in 30 ml methanol was allowed to react with a solu- 
tion of sodium nitrite (0.345 g; 5 x 10~ mol) in methanol (30 ml) 
at ice- bath temperature (0°C) , under nitrogen atmosphere, in an 
assembly identical to that described for the reaction 1(a). The 
reaction was only 10% complete in 3600 sec, as observed by the 
volume of nitrogen gas evolved during this period. The reaction 
mixture, on work up and subsequent analyses by GLC as detailed 
under the reaction 1(a), yielded only anisole (8%). The yield 
of formaldehyde estimated as its dimedone derivative was 5%. 
m-Nitro anisole was not detected in the reaction mixture. 

This reaction was repeated and after 3600 sec, 300 ml of 
ether was added to precipitate the unreacted p-methoxybenzene- 
diazonium fluoroborate. The precipitate was filtered, washed 
with ether and dried. It was dissolved in acetone and precipi- 
tated out by the addition of ether. The yield of p-methoxy- 
benzenedi azonium fluoroborate recovered back was 0.887 g (80%). 
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4. Reaction of benzenedlazonium fluoroborate la with an equimolar 
amount of cuprous bromide under nitrogen atmosphere at. Q°C / ln 
ordinary laboratory lights 

Dry nitrogen gas, from the same batch as that used for the 
reaction la was passed for 30 min through a suspension of cuprous 
bromide (0.718 g; 5 xlO - ^ mol) in deaerated methanol (30 ml) kept 
at 0°C, in an assembly identical to that described for the reac- 
tion l(a). The mixture was stirred continuously and a slurry of 
benzenedlazonium fluoroborate (0.96;g; 5 x 10” mol) in methanol 
(30 ml) was added with the help of a dropping funnel. The reaction 
was complete in 200 sec. as determined by the quantitative evolu- 
tion of nitrogen gas. After 5 minutes, the reaction mixture was 
worked up as described for the reaction l(a). The crude mixture 
of products was analyzed by GLC using 10% SE-30 on Crom-P (85-lOOM) 
column of 2 m length and the yields of various products estimated 
were: benzene (56%) , bromobenzene (10%) and biphenyl (23%) . Not 
even a trace of phenol could be detected in the reaction mixture. 
Formaldehyde, estimated as its dimedone derivative, was obtained 
in 55% yield. 

5 . Reactions of benzenedlazonium fluoroborate, la, with lithium 
2-nitropropan-2-ide at 0°C 

(a) Reaction with equimolar amounts of la and lithium 2-nitro- 

propan-2-ide under nitrogen atmosphere in ordinary laboratory 
lights 

In a 3-neck, 250 ml round bottom flask mounted over a 
magnetic stirring base, with a magnet inside, and connected to 
a nitrogen gas cylinder through a purifier, to a gas collector 
through a mercury trap and to a pressure equalizing dropping 
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funnel was placed a slurry of benzenediazonium fluoroborate 
(0.96 g; 5 x 10 mol) in 30 ml deaerated methanol. The contents 
of the flask were cooled to 0°C with the help of an ice-bath and 
the temperature was maintained thoughout the reaction period. The 
solution was purged with nitrogen gas for 30 min. The nitrogen 
cylinder was disconnected and a solution of lithium 2-nitro- 
propan-2-ide (0.475 g; 5 xlO” 3 mol) in 30 ml methanol was added 
through the dropping funnel, with continuous stirring. On 
addition, the solution turned light yellow, but no nitrogen gas 
was evolved. After 30 minutes, the solution turned dark yellow, 
but still no nitrogen gas evolved. The reaction mixture was 
poured into 350 ml of distilled water and extracted with five 
50 ml portions of ether. The combined ethereal extract was 
washed, dried (anhydrous MgSO^) , filtered and carefully concen- 
trated at reduced pressure and room temperature to a volume of 
50 ml. GLC analysis of this material, did not show the 
presence of benzene, phenol, or biphenyl. It did not give a 
spot for 2-phenyl-2-nitropropane on TLC, on comparison with an 
authentic sample of the latter, but gave a spot for an unknown 

compound. The reaction mixture was further concentrated and was 
charged over a silica-gel (100-200 M) column. On elution with 

petroleum ether (b.p. 60 ~ 8 L°c) and benzene in the ratio of 3:1, a 

dark yellow oil (0.869 g) was obtained. Its IR spectrum (neat). 

Fig. III. ^showed a strong peak for N0 2 group (1550 cm” 1 ), C-N 

(851 cm” 1 ) and a doublet at 1380 and 1365 cm” 1 for the gem- 

dimethyl groups. These observations as well as the results of 

elemental analysis confirmed this compound to be benzeneazo-2- 

(2-nitro) propane. Anal . C, 55.93; H, 5.65; N, 21.68%; 
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calculated for C 9 H 11 N 3 ° 2 : C ' 55.90; H, 5.70; N. 21.76%. Thus 
the percentage yield of the azo compound was 90%. 

(b) Reaction with equimolar amounts of la and lithium 2-nitro - 
propan-2-ide in nitrogen atmosphere under ordinary 
laboratory lights/ in the presence of cuprous bromide 

In a 3-neck RB flask, kept at 0°C, a slurry of benzenedi- 
azonium fluoroborate (0.96 g; 5 x 10 mol) in deaerated methanol 
(30 ml) was taken. Dry nitrogen gas was passed through the 
solution for 30 min. Stirring was commenced and lithium 2-nitro- 
propan-2-ide (0.475 g; 5 xlO” mol) and cuprous bromide (0.072 g; 

5 x 10 -4 mol) taken in 30 ml methanol was introduced through 
a pressure equalizing dropping funnel. The reaction commenced 
immediately with evolution of nitrogen gas. Nitrogen gas 
corresponding to 35% completion of the reaction was evolved in 
15 min. Thereafter, no more nitrogen gas was evolved till 30 min. 
The reaction mixture was added to 350 ml of distilled water and 
the solution made upto 500 ml by the addition of distilled water. 

A 100 ml portion of this solution was immediately used for the 
determination of formaldehyde. The remaining solution was 
extracted with ether (5 x50 ml) and the combined ethereal extract 
was washed, dried (anhydrous MgS0 4 ) , filtered and concentrated 
under reduced pressure, to a volume of 50 ml. The mixture of 
crude products was analyzed by GLC using a 10% SE-30 on Crom-P 
(85-100 M) column of 2 m length. The products were identified 
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by comparison of their retention times -with those of the authen- 
tic samples, and the yields were determined by comparing the 
peak areas with those from equal aliquots of standard solutions 
of authentic 'samples in ether. The yields of various products 
identified were: benzene (18%) and biphenyl (3%). The reaction 
mixture was concentrated further and charged over a silica-gel 
(100-200 M) column. Elution of the column with petroleum ether 
(b.p. 60-80°C) and benzene in the ratio 3:1, first yielded 
2-phenyl -2-nitroprop an e (0.08 3 ; ca. 10%), characterized by 

TLC analysis and comparison of its IR spectrum with that of an 
authentic sample. Further elution of the column with the same 
solvent yielded benzeneazo- 2- (2-nitro) propane (0.522 g, 54%), 
characterized by its IR spectrum, which matched with the IR 
spectrum of this compound obtained in the previous experiment, 
and elemental analysis, which agreed with the composition of the 
proposed structure. Formaldehyde, characterized and estimated 
as its dimedone derivative, was found to be 15%. 

(c) Reaction with equimolar amounts of la and lithium 2-nitro- 
propan-2-ide under nitrogen atmosphere, in ordinary 
laboratory lights at 0°C followed by warming to room 
temperature 

In a 3-neck RB flask kept in an ice-bath at 0°C , a slurry 
of benzenediazonium fluoroborate (0.96 g; 5 x 10 mol) in 
deaerated methanol (30 ml) was taken. After flushing the 
contents of the flask for 30 min with dry nitrogen, a solution 
of lithium 2-nitropropan-2-ide (0.475 g; 5 xl0~ 3 mol) in 30 ml 




methanol was added through a pressure equalizing dropping 
funnel. On addition/ the solution turned light yellow# but no 
nitrogen gas was evolved. After 30 min# the ice-rbath was 
removed and the solution was allowed to warm upto the room 
temperature (30°C) . No nitrogen gas was observed to evolve, 
even after stirring the reaction mixture for further 30 min. 

The reaction mixture was then worked up, as in the reaction 
5 (a) and analyzed by GLC and column chromatography. Benzene- 
azo- 2- (2-nitro) propane was obtained in 90% yield (0.869 g) . No 
other product could be identified. Ben zeneazo- 2- (2-nitro) - 
propane was characterized by its IR spectrum and elemental 
analysis. 

6. Reactions of p-nitrobenzenediazonium fluoroborate Xb with 
lithium 2-nitropropan-2-ide at 0°C 

(a) Reaction with equimolar amounts of lb and lithium 2-nitro- 
propan-2-ide in nitrogen atmosphere under ordinary 
laboratory lights 

A slurry of p-nitrobenzenediazonium fluoroborate (1.185 g; 
— 3 

5 xlO mol) in 30 ml methanol was allowed to react with a solu- 

tion of lithium 2-nitropropan-2-ide (0.475 g; 5 xlO mol) in 
methanol (30 ml) at ice-bath temperature (0°C), under nitrogen 
atmosphere, in an assembly identical to that described for the 
reaction 5 (a) . The reaction commenced with evolution of 
nitrogen gas and the solution turned orange yellow in color. 
Nitrogen gas corresponding to 40% completion of the reaction was 
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evolved in 30 min. The reaction mixture was worked up in the 
usual manner and analyzed by GLC using the calibration method. 

The yields of various products identified were: nitrobenzene 
(32%) / oc /P-dini tro cumene (4%), and a mixture of isomeric 
dinitrobiphenyls (2%) . The concentrated reaction mixture was 
then charged over a silica-gel (100-200 M) column. Elution of 
the column with a mixture of petroleum ether (b.p. 60-80°C) and 
benzene in the ratio 4: 1, gave nitrobenzene (b.p. 85°/l0 mm) in 
yield comparable to that determined by GLC analysis. Further 
elution of the column with a mixture of petroleum ether (b.p. 60- 
80°C) and benzene in the ratio 3:1 gave an orange yellow solid 
(0.536 g) , m.p. 104- 106°C. IR spectrum of this solid (KBr) , Fig. III. 2, 

showed a strong peak at 1545 cm -1 (N0 2 ) and a C-N stretching band 

— 1 — 1 — 1 
at 848 cm , besides a doublet at 1390 cm and 1370 cm (gem- 

dimethyl substituents) . It showed one single band at 860 cm"" 1 , 

thus establishing that it is a p- di subs titu ted benzene. These 

observations combined with the results of elemental analysis 

proved this compound to be p-nitrobenzeneazo- 2- (2-nitro) propane. 

Anal . : C, 45.78; H, 4.28; N, 23.15%; calculated for C^H^N^O^: 

C, 45.38; H, 4.20; N, 23.53%. Thus, the percentage yield of 

this azo compound (based on lb) was 45%. Formaldehyde, estimated 

as its dimedone derivative was obtained in 27% yield. 

(b) Reaction of lb and lithium 2-nitropropan-2-ide / in equimolar 
ratio under Initial oxygen atmosphere in ordinary laborator y 
lights 

Dry oxygen gas was bubbled through a slurry of p-nitro- 

■'—S’ ' 

benzenediazonium fluoroborate (1.185 g; 5 xlO mol) contained 
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Fig . ill , 2 !R spectrum of p-rMrobenzeneazo-2-(2-nitro) propane . 
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in 30 ml methanol and kept at 0°C. All other conditions were 
the same as described for the reaction 6(a). A solution of 
lithium 2-nitropropan- 2-ide (0.475 g; 5 xlO -3 mol) in 30 ml 
methanol was added to the above slurry of arenediazonium salt. 
Nitrogen gas corresponding to 20% completion of the reaction 
was evolved in 30 min. The reaction mixture was work up and 
the products analyzed as described for the reaction 6(a). The 
product distribution was: nitrobenzene (3%), p-nitrophenol ( 14%) , 
a trace of oc,p-dini tro cumene and p-nitrobenzeneazo-2- (2-nitro) - 
propane (0.797 g; 67%) . The last mentioned compound was charac- 
terized by its IR spectrum and elemental analysis. 

(c) Reaction of lb and lithium 2-nitropropan- 2-ide in equimolar 
ratio in nitrogen atmosphere under ordinary laboratory 
lights in the presence of cuprous bromide 

A slurry of p-nitrobenzenediazonium fluoroborate (1.185 g; 

5 xl0~ mol) made in 30 ml methanol was reacted with lithium 
2-nitropropan- 2-ide (0.475 g? 5 x 10 mol) and cuprous bromide 
(0.072 g; 5 xl0~ 4 mol) taken in 30 ml methanol tinder nitrogen 
atmosphere. Rest of the reaction condi tions were the same as in 
the reaction 6(a). Nitrogen gas (54%) was evolved in 15 min. 

The reaction mixture was stirred for further 15 min when no more 
nitrogen gas evolved, and then worked up as usual. Analysis of 
the crude mixture of products by GLC as described for the 
reaction 6(a) above, yielded nitrobenzene (43%), oCrP-dinitro- 
cumene (5%) and a mixture of isomeric dini tro biphenyls (3%) . 
Column chromatography of the reaction mixture as described for 
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the reaction 6(a) yielded nitrobenzene (b.p. 85°/l0 mm) in yield 
comparable to that determined by GLC, and p-nitrobenzeneazo-2- 
(2-nitro) propane (0.417 g; ca. 35%); m.p. 104°C. This compound 
was characterized by its IR spectrum (which matched with that 
obtained in the reaction 6(a)) and elemental analysis. Formal- 
dehyde was obtained in 36% yield (estimated as its dimedone 
derivative) . 

(7) Reactions of p-methoxybenzenediazonium flnoroborate Ic, with 
lithium 2-nitropropan-2-ide at 0°C 

(a) Reaction of Ic with lithium 2-nitropropan-2-ide in equimolar 
ratio under nitrogen atmosphere in ordinary laboratory light s 

A slurry of p-methoxybenzenediazonium fluoroborate (l.ll g? 

5 x 10 mol) in 30 ml methanol was allowed to react with a solu- 

— 3 

tion of lithium 2-nitropan-2-ide (0.475 g; 5 xl0~ mol) in 
methanol (30 ml) at ice-bath temperature (0°C) , under nitrogen 
atmosphere in an assembly identical to that described for the 
reaction 5 (a) . On addition of the solution of 2-nitropropanate 
anion, the reaction mixture turned yellow in color; but no 
nitrogen gas was evolved. The reaction was worked up after 30 min, 
in the usual manner. GLC analyses of the product mixture did 
not give any peak for anisole, 2- (p-anisyl) -2-nitropropane or di-p- 
anisyl. The reaction mixture was charged over a column of silica 
gel (100-200 M) . The column was eluted with a mixture of petroleum 
ether (b.p. 60-80°C) and benzene in the ratio 1:1. A light yellow 
solid (0.548 g) , m.p. 94-96°C was. obtained. The IR spectrum of 
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this solid (KBr) , Fig, III. 3 showed a strong band at 1550 cm 

(N0 2 ) / a doublet at 1360 cm” ^ and 1370 cm”^ (gem-dimethyl substi— 

— ”1 

tuents) , another strong band at 1260 cm” (ether, C-0) and a 
band at 840 cm (p-di substituted benzene) . These observations 
combined with the results of the elemental analysis proved this 
compound to be p-me thoxybenzeneazo- 2- (2-nitro) propane. Anal . : 

C, 53.91; H, 5.88; N, 18.80%; calculated for c 10 H i 3 N 3 ° 3 ; 

C, 53.81; H, 5.83; N, 18.83%. Thus, this azo compound was 
obtained in 85% yield. 

(fo) Reaction of Ic and lithium 2-nitropropan-2-ide in equimolar 
ratio in nitrogen atmosphere under ordinary laboratory 
lights, in the presence of cuprous bromide 

A slurry of p-methoxybenzenedi azonium fluoroborate (1*11 g; 

— 3 

5 x 10 mol) in 30 ml of methanol was reacted with lithium 

— 3 

2-nitro prop an- 2-ide (0.475 g; 5 x 10 mol) and cuprous bromide 
(0.0 72 g; 5 x 10‘ 4 mol) taken in 30 ml of methanol/ under 
nitrogen atmosphere. Rest of the reaction conditions were kept 
the same as in the reaction 7(a). The reaction commenced with 
evolution of nitrogen gas, and turned yellow in color. Nitrogen 
gas corresponding to 26% completion of the reaction was evolved 

in 15 min. Thereafter, no more nitrogen gas was evolved till 

* 

30 min. The reaction mixture was worked up as usual. The 
mixture of crude products was analyzed by GLC using a io% SE-30 on 
Crom-P (85-100 M) column of 2 m length. The products were 
identified by GLC analysis and their yields determined by the 
calibration method. The yields of various products identified 
were: anisole (20%) , 2- (p-anisyl) -2-nitropropane (5%) and traces of 
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Fig . Ill . 3 IR spectrum (KBr)of p-methoxybenzeneazo-2-(2-nitro) propane . 
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dime thoxybi phenyls. The product mixture was charged over a 
column of .silica gel (100-200 M) . Elution of the column with 
petroleum ether (b.p. 60-80°C) and benzene in the ratio 1:1/ 
yielded p-methoxybenzeneazo- 2- (2-nitro) propane (0.569 g? 51%). 
This compound was identified by its IR spectrum and elemental 
analysis. Formaldehyde/ characterized and estimated as its 
dimedone derivative was obtained in 17% yield. 

8. Stability of p-nitrobenzeneazo- 2- (2-nitro) propane at 0°C 

In a 3-neck RB flask, a solution of p-nitrobenzeazo-2- 
( 2-nitro) propane (1.19 g; 5 xlO ^ mol) in 30 ml methanol was 
placed* Nitrogen gas was bubbled through the solution for 
30 min and the temperature maintained at 0°C. This solution 
was stirred for 180 min and no nitrogen gas was evolved, during 
this period. The reaction mixture was worked up as usual and 
chromatographed over a silica-gel (100-200 M) column. Elution 
with a mixture of petroleum ether (b.p. 60-80 °C) and benzene in 
the ratio 3:1 yielded the starting p-nitrobenzeneazo- 2- (2-nitro) 
propane (1.188 g; ca. 100%) . This was characterized by its IR 
spectrum and elemental analysis. 



161 


III. 5 References 

1* Kikukawa, K. Nagira, N. Terao, F. Wada and T. Matsuda, 

Bull. Chem. Soc. Jpn., 52, 2609 (1979). 

2. K. Kikukawa, K. Kono, K. Nagira, F. Wada and T. Matsuda, 

J. Org. Chem. , 46, 4413 (1981) . 

3. A. Citterio, M. Seravalle and E. Vismara, Tetrahedron 
Lett. , 23, 1831 (1982). 

4. A. Citterio and F. Minisci, J. Org. Chem., 47, 1759 (1982). 

5. N.V. Sidgwick, I.T. Miller and H.D. Springall, "The Organic 
Chemistry of Nitrogen," 3rd Edition, Clarendon Press, 
Oxford, 1966, p. 532. 

6* For the early history of aromatic diazo compounds, see 

(a) J. Kenner, Chem. .& Ind., 443 (1941). 

(b) W.H. Cliffe, J. Soc. Dyers and Colourists, 175 , 278 
(1959) . 

7. M.J. Astle, "Industrial Organic Nitrogen Compounds," 

Reinhold Publishing Corporation, New York, 1961, pp. 197, 
198. 

'8. E.S. Lewis and H. Suhr, Chem. Ber., 92, 3043 (1959). 

9. R. Levenberg, Biochem. Biophys. Acta, 63, 212 (1962); 

Chem. Abstr., 57 , I5508g (1962) . 

10. (a) K.H. Saunders, "The Aromatic Diazo Compounds and their 

Technical Application," 2nd Ed. Arnold, London, 1949. 

(b) H. Zollinger, "Azo and Diazo Chemistry: Aliphatic and 
Aromatic Compounds, " Interscience, New York, 1961. 

11. B.I. Belov and U.V. Kozolov, Russ. Chem. Rev., 32 , 59 
(1963); Chem. Abstr., 59, 3798e (1963). 

12. W. Bradley and J.D. Thompson, Chimia, 147 (1961). 

H. Zollinger, Accounts of Chem. Res., 335 (1973) . 


13. 



162 


14. 

C. Ruchardt and E. Merz, Tetrahedron Lett., 2431 

(1964) . 

15. 

N. Kamigata, T. Kurihara, H. Minato and M. Kobayashi, 

Bull. Chem. Soc. Jpn., 44, 3152 (l97l) . 

16. 

V. Bemack, V. Sterba and K. Valter, Collection 
Chem. Comm., 38, 257 (1973) . 

Czech. 

17. 

D.F„ DeTar and M.N. Turetzky, J. Am. Chem. Soc., 
(1956) . 

78, 3925 

CD 

• 

D.F. DeTar and M.N. Turetzky, J. Am. Chem. Soc., 
(1956) . 

78, 3928 

19. 

D.F. DeTar and M.N. Turetzky, J. Am. Chem. Soc., 
(1956). 

78, 3916 

20. 

J.F. Bunnett, D.A.R. Happer and H. Takayama, Chem. Comm., 
367 (1966). 

21. 

J.F. Bunnett and H. Takayama, J. Am. Chem. Soc., 
(1968) . 

90, 517 3 

22. 

J.F. Bunnett and H. Takayama, J. Org. Chen., 33, 
(1968) . 

1924 

23. 

W.J. Boyle, T.J . Broxton and J.F. Bunnett, Chem. 
1469 (1971). 

Comm. , 

24. 

C.D. Ritchie and P.0.1. Virtanen, J. Am. Chem. Soc., 94, 
1589 (1972). 

25. 

D.F. DeTar and T. Kosuge, J. Am. Chem. Soc., 80, 
(1958) . 

6072 

26. 

J.F. Bunnett and Chino Yijima, J. Org. Chem., 42!, 
(1977) . 

639 

27. 

T.J. Broxton, J.F. Bunnett and C.H. Paik, J. Org. 
42, 643 (1977) . 

Chem. , 

28. 

F.S. Lewis and D.J. Chalmers, J. Am. Chem. Soc., 

(1971) . 

93, 3267 

29. 

N. Kornblum, G.D. Cooper and J.E. Taylor, J. Am. 
72, 3013 (1950). 

Chem. Soc 



163 


30. 

Komblum and G«,D. Cooper, J 
(195 2) 

'. Am. Chem. Soc., 74* 3074 

31. 

A. Roe and J.R. Graham, J. Am. 

Chem. Soc., 74, 6297 (1952). 

32. 

H. Hodgson and E. Marsden, J. 

Chem. Soc., 207 (1949)'. 

33. 

H. Mecrwin, H. Allendorfer, P. 

Beckmann, Fr. Kunnert, 


H. Morschel, H. Pawalleck and K. Wunderlich, Angew. Chem., 

70, 211 (1958). 

34. V.V. Kozlov, V.P. Sagolovi tch and Y.M. Kulikov, Chem. Abstr., 


75, 13796h (1971) . 

35. G.S. Marx, J. Org. Chem., 36, 1725 (1971) . 

36. A. Rieker, P. Niederer and D. Leipfritz, Tetrahedron Lett., 
4287 (1969). 

37. T. Severine, R. Schmitz, J. Loske and J. Hufnagel, Chem. 
Ber., 102, 4152 (1969). 

38. M. Bloch, H. Musso and 0.1. Zohorsky, Angew. Chem. Int. 

Ed. Engl., 8, 370 (1969) . 

39. For a Review see, A. Roe, Org. Reactions, 5, 193 (1949) . 

40. 0. Danek, D. Snobl, I. Knizck and F. Nouzova, Coll. Czech. 
Chem. Comm., 32, 1642 (1967). 

41. K.G. Rutherford and W.A. Redmond, J. Org. Chem., 28 , 568 
(1963) . 

42. C. Sellers and H. Suschitzky, J. Chem. Soc. (c) , 2317 
(1968) . 

43* T.K. Al'sing and A.G. Boldyrev, Zh. Org. Khim. , 3, 2249 
(1967); Chem. Abstr., 68, 68264 (1968). 

44. T.K. , Al'sing and A.G. Boldyrev, Zh. Org. Khim., 6, 627 
(1970); Chem. Abstr., 72, 131837 (1970). 

45. B.M. McKay, Dissertation Abstr., 29B, 1611 (1968). 

46. W. Bradley and J.D. Johnson, Nature, 186 , 631 (i960). 

47. M.D. Johnson, J. Chem. Soc., 805 (1965). 



164 


48. T. Sandmeyer# Ber.# 17, 1633 (1884). 

49. W.A. Waters, J. Chem. Soc., 266 (1942). 

50. H.H. Hodgson# S. Birtwell and J. Walker# J. Chem. Soc.# 

(a) 720 (1942); (b) 18 (1944). 

51. C. Galli# J. Chem. Soc. Perkin II# 1459 (1981). 

52. (a) R.M. Elofson# Can. J. Chem.# 36# 1207 (1958). 

(b) R.M. Elofson and P.F. Gadallah# J. Org. Chem., 34# 

854 (1969). 

53. J.K. Kochi# J. Am. Chem. Soc.# 77# 3208 (1955). 

54. E.R. Atkinson# C.E. Garland and A. F. Butler# J. Am. Chem. 
Soc., 75# 983 (1953). 

55. T. Cohn, K.W. Smith and M.D. Swerdloff# J. Am. Chem. Soc.# 
93# 4303 (1971). 

56. A.H. Lewin, N.C. Peterson and R.J. Michl# J. Org. Chem.# 

39, 2747 (1974) . 

57. C. Galli, Tetrahedron Lett.# 4515 (1980) . 

58. T. Cohn# C.H. McMullen and K. Smith# J. Am. Chem. Soc.# 

90, 6866 (1968), 

59. W.T. Dixon and R.O.C. Norman# J. Chem. Soc.# 4857 (1964). 

60. (a) A.L.J. Beckwith and R.O.C. Norman# J. Chem. Soc. (B) , 

403 (1969) . 

(b) A. Citterio# F. Minisci and E. Vismara, J. Org. Chem., 
47# 81 (1982). 

61. G. D. Hartman and S.E. Biffar# J. Org. Chem.# 42# 1468 (1977). 

62. A.L.J. Beckwith and W.D. Cara# J. Am. Chem. Soc.# 91# 5681, 
5689 (1969). 

63. N#N, Bubnov, K. A. Bilevitch# L.A. Poljakore and 0. Yu. 
Okhlobystin# Chem. c omm.# 1058 (1972). 

64. K.A. Bilevitch# N.N. Bubnov, B.Ya. Medvedev, O.Yu. 
Okhlobystin and L.V. Ermauson, Dokl. Acad. Nauk SSSR# 193 
583 (1970); Chem. Abstr.# 74, 31401 (1971). 



165 


65. Ramesh Kumar and P.R. Singh, Tetrahedron Lett., 613 (1972). 

66. P.R. Singh and Ramesh Kumar, Aust. J. Chem. , 25 , 2133 
(1972) . 

67. H.K. Singh, Ph.D. Thesis, Indian Institute of Technology, 
Kanpur, India, 1979. 

68. P.R. Singh, B. Jayaraman and H.K. Singh, Chem. & Ind., 311 
(1977). 

69. T. Sandmeyer, Bee., (a) 18, 1496(1885); (b) 20, 1495 (1887). 

70. J. Meisenheimer and K. Witte, Ber., (a) _36, 4157 (1903) ; 

(b) 39, 25 29 (1906). 

71. V. Vesely and K. Dvorak, Bull. Soc. Chim. Belg., 31 , 422 
(1922) . 

72. K.J.P. Orton, J. Chem. Soc., 83 , 806 (1903). 

73. H.T. Bucherer and G. van der Recke, J. Prakt. Chem., 132, 
113 (1931); Chem. Abstr., 26, 971 (1932) . 

74. A. Hantzsch and G.w. Blagden, Ber., 33 , 2544 (1900) . 

75. (a) A. Contardi, Ann. Chim. Applicata, 1 _ * 13 (1923) ; 

Chem. Abstr., 17 , 2109 (1923). 

(b) A. Contardi and G.G. Mor, Rend. ist. Lombardo Sci., 57 , 
646 (1924); Chem. Abstr., 17, 2109 (1923). 

76. E.B. Starkey, J. Am. Chem. Soc., 59 , 1479 (1937). 

77. H.H. Hodgson and E. Marsden, J. Chem. Soc., 22,(1944). 

78. H.H. Hodgson and E.R. Ward, J. Chem. Soc., 556 (1947) . 

79. H.H. Hodgson and E.R. Ward, J. Chem. Soc, 127 (1947) . 

80. H.H. Hodgson, A.P. Mahadevan and E.R. Ward, J. Chem. Soc., 
1392 (1947). 

81. H.H. Hodgson, F. Heyworth and E.R. Ward, J. Chem. Soc., 

1512 (1948). 


82. H.H. Hodgson and F. Heyworth, J. Chem. Soc., 1624 (1949). 



166 


83. 

84. 

85. 

86 . 

87. 

88 . 

89. 

90. 

91. 

92. 

93. 

94. 

95. 


96. 

97. 

98. 


J. Klosa, Arch. Pharm. , 286 , 1416 (1953); Chem. Abstr., 49, 
8177 (1955). 

E.R. Ward, C.D. Johnson and J.G. Hawkin, J. Chem. Soc., 

894 (1960). 

B.V. Tronov and I.M. Yakavllva, Org. Komplek. Soedin, 175 
(1965); Chem. Abstr., 66, 65307 (1967). 

H.H. Hodgson, F. Heyworth and E.R. Ward, J. Soc. Dyers 
Colourists, 66, 229 (1950); Chem. Abstr., 44, 6397 (1950). 

H. Hodgson, J. Chem. Soc., 556 (1948). 

M. Kobayashi, H. Minato, N. Kobori and E. Yamada, Bull. 

Chem. Soc. Jpn., 43, 1131 (1970). 

L. I. Bangal, M.S. Pevzner and A.N. Frolov, Zh. Org. Khim. , 

5, 1820 (1969); Chem. Abstr., 72, 21456 (1970). 

M. Kobayashi, H. Minato, E. Yamada and N. Kobori, Bull. 

Chem. Soc. Jpn., 43, 215 (1970) . 

N. Kobori, M. Kobayashi and H. Minato, Bull. Chem. Soc. Jpn., 
43, 223 (1970) . 

Ikuo Takagishi, Y. Hashida and K. Matsui, Bull. Chem. Soc. 
Jpn., 52, 2635 (1979). 

N. Komblum, Angew. Chem. Internal. Edit., 14, 734 (1975). 
H.B. Hass and M.L. Bender, Org. Syn., 30, 99 (l950) . 

(a) N. Komblum, R.E. Michel and R.C. Kerber, J. Am. Chem. 
Soc., 88, 5660, 5662 (1966). 

(b) G.A. Russell and W.C. Danen, J. Am. Chem. Soc., 88 , 

5663 (1966). 

N. Komblum, T.M. Davies, G.W. Earl, N.L. Holy, R.C. Kerber, 

M. T. Musser and D.H. Snow, J. Am. Chem. Soc., 89 , 725 (1967). 

N. Komblum, P. Ackerman and R.T. Swiger, J. Org. Chem., 

45, 5294 (1980). 

E.S. Gould, "Mechanism and Structure in Organic Chemistry," 
Holt, Rinehart and Winston, New York, 1959, pp. 457, 458. 



167 


99. M.D. Johnson/ J. Chem. Soc., 805 (1965) . 

100. F.M. Beringer and P. Bodlaender, J. Org. Chem./ 34 / 1981 

(1969) . 

101. C.D. Ritchie and P.0.1. Virtanen, J. Am. Chem. Soc./ 94 , 

1589 (1972). 

102. W'.M. Latimer, "Oxidation Potentials/" Prentice Hall Inc., 
Englewood Cliffs, N.J. (1952), p. 104. 

103. P.H. Kasai, P.A. Clark and E.B. Whipple, J. Am. Chem. Soc., 
92, 2640 (1970). 

104. C. Gall.i and J.F. Bunnett, J. Am. Chem. Soc., 10 3 , 7140 
(1981) . 

* 

105. M.C. Symons, Pure and Appl. Chem., 53, 223 (1981). 

106. C. Amatore, J. Pinson, Jean-Michel Saveant and A. Thiebault, 
J. Am. Chem. Soc., 103 , 6930 (1981). 

107. G. A. Russell and A.R. Metcalfe, J. Am. Chem. Soc., 101 , 

2359 (1979). 

108. G. A. Russell and W.C. Danen, J. Am. Chem. Soc., 90, 347 

(1968) . 

109. N. Komblum and F.W. Stuchal, J. Am. Chem. Soc., 92 , 1804 
(1970) . 

110. G.A. Russell and A.G. Bemis, Inorg. Chem., €>, 403 (1967). 

111. C. Walling, "Free Radicals in Solution," John Wiley and 
Sons Inc., N.Y., 1957, p. 466. 

112. E.R. Altwicker, Chem. Rev., 67, 475 (1967). 

113. D. F. DeTar and M.N. Turetzky, J. Am. Chem. Soc., 77 , 1745 
(1955) . 

114. S.R. Fahrenholtz and A.M. Trozzolo, J. Am. Chem. Soc., 94 , 
282 (1972). 

115. E. Pfeil and 0. Velten, Ann., 565 , 183 (1949). 



168 


116. B. Bigot, D. Roux and L. Salem, J. Am. Chem. Soc., 103 , 
5271 (1981). 

117. Dozent DR. R. Gompper, Angew. Chem. Intern. Ed., Eng., 3, 
560 (1964). 

118. (a) N. Komblum, R.E. Michel and R.C. Kerber, J. Am. Chem. 

Soc., 88, 5660, 5662 (1966). 

(b) G.A. Russell and W.C. Danen, J. Am. Chem. Soc., 88 , 
5663 (1966). 

(c) G.A. Russell, J. Hershberger and K. Owens, J. Am. 

Chem. Soc., 101, 1312 (1979). 

119. N. Kornblum, R.T. Swiger, G.W. Earl, H.W. Pinnick and 
F.W. Stuchal, J. Am. Chem. Soc., 92, 5513 (1970). 

120. W.A. Pryor, "Free Radicals," McGraw-Hill Book Company, 
1966, pp. 128-29. 

121. (a) A. Roe, Org. Reactions, 5^, 204 (1949) . 

(b) E.B. Starkey, Org. Syn. Coll. Vol. II, 225 (1943). 

122. R.C. Kerber, G.W. Urry and N. Kornblum, J. Am. Chem. Soc., 
87, 45 20 (1965). 

123. A. I. Vogel, "A Textbook of Practical Organic Chemistry," 
English Language Book Society and Longman Group Limited, 
London, 1968. 



CHAPTER IV 


ELECTRON TRANSFER FREE RADICAL 
MECHANISM IN THE REACTIONS OF 
ARENEDIAZONIUM CATIONS WITH 
GRIGNARD REAGENTS 


IV. 1 Abstract 

The reactions of arenediazonium fluoro borates, 
p-R-CgH^-N^BF" (where R = H, OMe, NO^, COCH^, Me) with benzyl- 
magnesium chloride and with tert.butylmagnesium chloride, 
R'-MgCl in equimolar amounts, in IHF at 30 °C under nitrogen 
atmosphere have been found to yield, R-CgH^, p-R-C^H^-R', R'-R' 
R'-H and mixtures of isomeric bi aryls (excepting with R = H, 
when biphenyl was formed) . Nitrogen contained in the arenedi- 
azonium salts was liberated to the extent of 80-90% in each of 
these reactions. The reactions were found to be Inhibited in 
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the presence of cc -methylstyrene. It has been proposed that 
the major pathway in these reactions involves an electron 
transfer from the Grignard reagent R'-MgCl to the jc -system of 
the arenediazonium cation, in a jc -complex initially formed 
between the two reactants. Aryl and alkyl radicals produced, 
following the electron transfer, act as precursors of the 
products. Radicals have been detected by us in one of the 
reactions by the ESR method. ' It is found that only a minor 
component of the mechanism may involve the formation of azo 
compounds by an ionic pathway. 


IV. 2 Introduction 

The discovery of Grignard reagents, reported in 1900 
by Victor Grignard, turned out to be the renaissance of synthe- 
tic organic chemistry. Inspite of its tremendous synthetic 
utility, our understanding of the nature and structure of this 
reagent in solution and mechanism of its reactions has progressed 

at a very slow rate. The molecular structure of this reagent is 

2 

seldom as simple as indicated by the popular formula RMgX. 

Schlenk and schlenk 3 proposed in 1929 /that in solution, 

RMgX is in equilibrium with R 2 Mg (Eqn. l) : 

2 RMgX ± R 2 Mg + MgX 2 * R 2 Mg.MgX 2 .. (l) 

Solids crystallized from Grignard solutions in ether have been 

4 

demonstrated by Rundle and coworkers, with the help of X-ray 



shown in Scheme IV. 1: 


SCHEME IV. 1 



A single electron transfer free radical mechanism has been pro- 
posed for these autoxidation reactions (Scheme IV. 2) : 

SCHEME IV. 2 

R-MgX + 0 2 > R* + XMg0 2 * 

R* + 0 2 > R00* 

R00* + RMgX > ROCMgX + R* 

A similar mechanism has been reported for the autoxidation of 

14a 

hex-3/ 5-dienylmagnesium bromide. 

The reaction of Grignard reagents with peroxides which 

constitutes the second step of the overall net reaction with 

1421 / * 2 , €> 

oxygen (Eqn. 3) has also been visualized as proceeding 

25 

through a radical process. Kochi and coworkers have proposed 

an electron transfer mechanism (Scheme IV. 3) for such reactions 
on the basis of chemical and CIDNP studies: 
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SCHEME IV. 3 


EtMgX + BuOOBu 


|lDt* , BuO*j 
solvent cage 


Et* + BUO* 


JjEt*,BuO*J + BuoMgX 

solvent 

cage 




■» 


Et-OBu 
C 2 H 4 + BuOH 
Et* + BuO* 

C 2 H 6 + C 2 H 4 + n-C 4 H 10 + BuOH 


The mechanism of the reaction of Grignard reagents with 

ketones is not well understood. These reactions are generally 

believed to proceed via an ionic mechanism. Reaction of benzo— 

phenone with Grignard reagent has received considerable atten- 

tion. In recent years, it has been conclusively proved with 

the help of chemical and ESR studies that in the reactions of 

Grignard reagents with certain carbonyl compounds, radicals are 

28 29 

indeed the immediate precursors of the products. * 

28 £ 

Blomberg and coworkers have elucidated the mechanism 
of the reactions of Grignard reagents with orthoquinones., by 
using ESR technique. They found that these reactions involve 
free radical intermediates and proceed by the mechanism outlined 


in Scheme IV. 4 : 
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SCHEME IV. 4 



30 

It has been suggested that the polar and homolytuc processes 
compete with each other, and by suitably manipulating the reac- 
tion conditions, one can make these reactions go exclusively 
along any one of the above mentioned pathways. A four-centre 
single electron transfer (SET) followed by homolysis, has been 
proposed 1613 in the reactions of benzophenone with Grignard 
reagents (Scheme IV. 5) : 


SCHEME IV. 5 
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31 

Recently, Ashby and coworkers have conclusively proved with 
the help of ESR evidence that an electron transfer mechanism is 
operative in the reactions of aromatic ketones with Grignard 
reagents. 

The reactions of Grignard reagents with thiobenzophenone 
3 7 

have been shown, with the help of ESR evidence, to follow a 
radical mechanism (Scheme IV. 6): 


SCHEME IV. 6 



3 3 

Singh and coworkers have proposed electron transfer as 
the first step in the reactions of Grignard reagents with alkyl 
halides according to Scheme IV. 7. 

The oxidation of organomagnesium compounds and organo- 
lithium compounds has been accomplished using compounds of 
Cu(ll) 34,35 as outlined in Scheme IV.8. 
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SCHEME IV. 7 


\ 

( 

A 

A 

A 


'C-X + RMgY 


C-X* 


’ Mg 


/ 

\ 


R 


\ 

A' 

\ 


.C* + *R 


. / 


A + A 


fast 


step 

slow 


-> 


')c-X‘ • - Mg 

X \ 


R -| 


slow r \ . .1 

[yf + X - M 9- Y + R J 


■» /C-R 

A 

. \ / 
* // c - c \\ 


R* + R* 


R-R 


SCHEME IV. 8 


2 CH 3 Li 

+ 2 

CuCl 2 — 

> 

CH 3 -CH 3 + 2 LiCl + Cu 2 Cl 2 

2 CH 3 MgCl 

+ 2 

CuCl 2 — 

> 

CH 3 -CH 3 + 2 MgCl 2 + c u 2 C1 2 


In the reaction of n- butyl magnesium chloride with cupric 
chloride, n- butyl radicals have been trapped by using cyclo- 
hexene. 3, 3 1 -Bicyclohexenyl has been isolated as one of the 
products in this reaction (scheme IV. 9): 

SCHEME IV. 9 

n-C^HgMgCl + CuCl 2 > n-C 4 H g CuCl + MgCl 2 

n-C 4 H g CuCl > n-C 4 H g * + CuCl 



* n~Cglli8 
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37 

Recently, Singh and coworkers have found that the cata- 
lytic effect of cobalt compounds in the reactions of organic 
halides with Grignard reagents, resulting in enhanced yields of 
the homo- coupling products at the expense of the cross coupling 
products, may involve the 'super nucleophile' Co (i) as the active 
species. A chain mechanism has been proposed for these reactions 
(Scheme IV. 10 ) : 

SCHEME IV. 10 

R:MgX + Co I:E Cl 2 — — — > R* + Co I Cl + MgXCl 

T TTT — 

R'-Y + Co > R'-Co + Y 

R ,_ Co IH .RjMgX.» R ,_ Co II RfMgX.^ R ,. Co I 


R'-Co + R'-Y 


*ico IZI 


2 R* 


2 R* 


R^Co 111 + Y~ 


2 r'* + Co 1 


R'-R* 


R-R 


It is obvious from the above discussion that Grignard 
reagents are capable of reacting with appropriate substances as 
one-electron reductants. 

The reactions of arenediazonium salts with Grignard 

, 2q 

reagents were first investigated by Hodgson and Marsden, 
they reported the formation of azo compounds in low yields. 


when 
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On the other hand, Oda and coworkers ^ 4( ~^ have reported that 
the reactions of zinc chloride double salt of benzenediazonium 
chloride with alkyl- or arylmagnesium bromides give alkyl- or 
arylbenzenes in 6-34% yield. On re-investigation of some of 
these reactions, Curtin and Ursprung 44 and Nomura 4 ^ confirmed 
the formation of azo compounds, but failed to obtain any signi- 
ficant amounts of biaryls. Nomura^^”^^ has utilized this reac- 
tion for the synthesis of a number of azo compounds which are 
formed in low yields. For example, substituted arylmagnesium 
bromides react with p-methoxybenzenedi azonium cation, resulting 
in the formation of methoxyazobenzene derivatives in 0.9-30% 
yields 44 (Eqn. 4) : 



Treatment of methylmagnesium iodide with benzenediazonium 
fluoroborate has also been reported to give iodobenzene as a 
product. 41 

In view of the foregoing discussion and the known role of 
arenedi azonium cations as good one electron oxidants (Section 
III. 2), it was thought of interest to investigate the possible 
occurrence of an electron transfer free radical mechanism in 
the reactions of a few arenedi azonium fluoroborates with Grignard 
reagents. Our investigations have revealed that the major 
reaction pathway does involve a single electron transfer from the 
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Grignard reagent to the arenediazonium cation/ subsequently 
producing radicals/ which serve as the immediate precursors of 
the final products. 


IV. 3 Results and Discussion 

Reactions of arenediazonium cations with certain nucleo- 
philes/ earlier believed to occur by ionic mechanisms are now 
46-48 

known to proceed via electron transfer free radical path- 

ways. The reactions of arenediazonium cations with Grignard 
reagents are reported to give azo compounds in low yields. ^-45 
The reactions of zinc chloride double salt of benzenediazonium 
chloride with alkyl- or arylmagnesium bromides are known 
to give alkyl- or arylbenzenes in 6-34% yields. The mechanistic 
details of these reactions of arenediazonium cations with organo— 
metallics are obscure. 

In view of the immense synthetic utility of Grignard 

reagents as well as arenediazonium salts, the present study was 

undertaken to gain an insight into the mechanistic pathways 

operative in the reactions of certain arenediazonium cations 

with Grignard reagents. The reactions of five arenediazonium 

+ — ■ 

fluoroborates, p-R-CgH 4 ~N 2 BF 4 I, namely benzenediazonium 
fluoroborate, p-methoxybenzenediazonium fluoroborate, p-nitro- 
benzenediazonium fluoroborate, p-methylbenzenediazonium fluoro- 
borate, and p-acetylbenzenediazonium fluoroborate with benzyl- 
magnesium chloride II a , and tert.butylmagnesium chloride lib . 
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were examined under carefully varied conditions/ in THF solvent 
under nitrogen atmosphere at 30° C. On addition of a solution of 
Grignard reagent in THF solvent to a slurry of arenediazonium 
salt/ the reaction commenced immediately with vigorous evolution 
of nitrogen gas and the mixture turned homogeneous. The products 
obtained in the reactions of arenediazonium salts with benzyl- 
magnesium chloride are summarized in Table IV. 1 and those 
obtained in the reactions with tert. butylmagnesium chloride are 
listed in Table IV. 2. A significant feature of these reactions 
is that in comparison to the reference substituent H in arenedia- 
zonium cations/ p-N0 2 group accelerates while p-CH 3 0 group 
retards the reaction. This observation disfavours the existence 
of otherwise conceivable aryl cation intermediates in these 
reactions/ since the formation of such intermediates would be 

retarded both in the case of p— methoxybenzenediazonium fluoro— 

49 

borate as well as p-nitrobenzenediazonium fluoroborate. The 
formation of protodediazoniated products/ R-C^H^ in high yields 
in these reactions, eliminates the possibility of bimolecular 
displacement of nitrogen as the reaction pathway. Furthermore, 
these reactions were found to be inhibited in the presence of 
cc-methylstyrene. These facts strongly suggest the intervention 
of free radicals in the reactions under study. Indeed, strong 
ESR signals have been observed by us in the reaction of 
p-nitrobenzenediazonium fluoroborate with benzylmagnesium 
chloride, confirming the existence of radicals in this reaction. 
The ESR signals were absent in the pure reactants and were 
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a. Equimolar quantities of arenediazonium fluoroborate and benzyl- 
magnesium chloride were reacted in THF medium at 30° C, under 
nitrogen atmosphere. Reaction mixtures were worked up soon 
after the nitrogen evolution stopped excepting in runs 3 and 5/ 
where work up time was extended to 30 min. 

b. Percentages based on arenediazonium fluoroborates unless 
otherwise specified. In addition/ benzaldehyde phenylhydrazone 
(ca. 8%) in run 1 and N- benzyl benzaldehyde p-methoxyphenyl- 
hydrazone, IV (ca. 12%) each in runs 2 and 3 were also obtain- 
ed . Additional colored mixture of products could not be 
analyzed. 

c. Percentages based on benzylmagnesium chloride. Yields have 
been corrected after taking into account the amounts of these 
products formed during the preparation of benzylmagnesium 
chloride. 
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TABLE IV. 2 : Reactions 3 of Arenediazonium Fluoroborates 

4- _ __ 

p-R-CgH^-^BF^, I with tert. Butylmagnesium Chloride lib 


% Yield of Products 13 



Rxn. 
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a. Equimolar quantities of arenediazonium fluoroborate and 

tert. butylmagnesium chloride were reacted in THF medium at 
30° C, under nitrogen atmosphere. Reaction mixtures were worked 
up soon after the nitrogen evolution stopped, excepting in runs 
2 and 5, where work up time was extended to 30 min. 


b. Percentages based on arenediazonium fluoroborates unless other- 
wise specified. In addition, benzene azo-cc,tt-dimethylethane 
(ca. 7%) each in runs 1 and 2, besides a trace amount in run 3 
and p-methoxybenzene azo — cc, cc- dimethyl ethane (ca. 10%) each in 
runs 4 and 5, besides a trace amount in run 6, were also 
obtained. Additional colored mixture of products could not be 
analyzed. 

c. Percentages based on tert. butylmagnesium chloride. 

d. Yields have been corrected after taking into account the 
amounts of this product (GLC analysis) formed during the prepa- 
ration of tert. butylmagnesium chloride. 


e. Mixture of nitrogen and methylpropane was analyzed by GLC. 

f. In the presence of CC -methylstyrene (0.1 mol). 
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observed only on mixing the two reagents. 

It may be noticed that small amounts of azo compounds, 
namely benzeneazo-cc,cc-dimethylethane and p-methoxybenzeneazo- 
CC/OC- dimethyl ethane are formed in the reactions of benzenediazo- 
nium fluoroborate and p-methoxybenzenediazonium fluoroborate 
respectively, with tert.butylmagnesium chloride. Besides, small 
amounts of isomeric hydrazones, viz. benzaldehyde phenylhydra- 
zone and N-benzyl benzaldehyde p-methoxyphenylhydrazone, in the 
reactions of benzenediazonium fluoroborate and p-methoxybenzene- 
diazonium fluoroborate, respectively, with benzylmagnesium 
chloride, were also formed. Thus, an attractive possibility for 
the formation of radicals is the thermal homolytic cleavage of 
the two carbon-nitrogen bonds in the initially formed covalent 
azo compounds, as shown in Scheme IV. 11: 



p-R-ChH .-N=N-R' 
6 4 


p-R-ChH ; - - -N =N— -R ' 


p— R— C g H 4 * + N 2 + R 


The activation energies required for the dissociation of a few 
azo compounds, listed in Table IV. 3, reflect that the rates of 
decomposition of these azo compounds are dependent on the stabi- 
lities of the incipient radicals formed in such decomposition 


reactions 


50 
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TABLE IV. 3: 

Dissociation of 

azo Compounds 

(R— N=N-R ' ) 

R 

R 1 

Energy of 

activation 

(kcal/mol) 

Solvent 

CH 3 

ch 3 

51 

Gas phase 

tert.c 4 H 9 

tert.C^H Q 

43 

Gas phase 

Ph 2 CH 

Ph 2 CH 

27 

Toluene 

Ph 

Ph 3 c 

27 

Benzene 

CN 

1 

CN 

i 



1 

H 0 C-C 

3 1 

1 

C-CH. 

1 3 

31 

Benzene 

CH 3 

1 

CH 3 




Thus, while azomethane H 3 C-N=N-CH 3 undergoes thermal homolysis 

at significant rates only at temperatures near 400°C, the most 

common azo compound for the production of radicals, ^ namely 

azoisobutyronitrile (CH 3 ) 2 (CNjC-N=N-C (CN) (CH q ) 0 , has a half-life 

of 17 hr at 60°C. Similarly, diphenylmethylazodiphenylmethane,^^ 

Ph 2 CH-N=N-CHPh 2 , phenyl azotriphenylme thane, ^ Ph-N=N-CPh 3 and 

53 

phenyl azophenylme thane Ph-NssN-Cf^Ph, are also found to undergo 
thermal homolysis only above 45 <> C. All these compounds are 
stable at 30° C. Azo compounds likely to be encountered in our 
reactions, would be expected to be more stable than some of the 
azo compounds listed in Table IV. 3, and thus their decomposition 
at our reaction temperatures (30°C), would be highly unlikely. 
Indeed, it is observed that the product distribution obtained 
in our reactions remains essentially unaltered on extending the 
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reaction time. It is also known^ that radicals do not induce 
decomposition of covalent azo compounds. These facts- along with 
the observed low yields of azo compounds (or the isomeric hydr- 
azones) , where identified, among the products of our reactions, 
lead us to conclude that the formation of azo compounds by the 
expected ionic coupling does not constitute the major mechanistic 
pathway in these reactions. The path outlined in Scheme IV. 11 
is, therefore, completely ruled out. It is noteworthy in this 
context tnat while arenediazonium cations I act as good one 
electron oxidants • in many reactions, ~ Grignard reagents 
are capable of reacting with appropriate substrates as single 
electron reductants. ' 

In view of the foregoing arguments, we propose a single 
electron transfer free radical mechanism outlined in Scheme IV. 12 
as the major pathway satisfactorily accounting for all the obser- 
vations: 

SCHEME IV. 12 

4- q-pm e- 1*1 

p-R-C c H .-N + R'-MgCl — jx ; r-» p-R-rH^-N J + R- 

6 4 2 (in 71 -complex) |_ 6 4 2j 

- — + + MgCl .. (5) 


[p-R-C 6 H 4 -N 2 j » p-R-C 6 H 4 * + N 2 ..(6) 

p-R-C 6 H 4 * - ■ — -■■ > R-C 6 H 5 ..(7) 

p-R-C 6 H 4 * + R-C 6 H 5 p-R-C 6 H 4 -C 6 H 4 -R . . (8) 

2 P-R-C 6 H 4 * » p-R-C 6 H 4 -C 6 H 4 -R-p ..(9) 

p-r-c 6 h 4 * + r'- » p-R-C 6 H 4 -R' ..(10) 

R* ' — - » a S -H ..(11) 

R 1 . +r'* > R'-R* ..(12) 
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The reaction is initiated by a single electron transfer from 
the polar C-Mg bond of the Grignard reagent I_I to the arenediazo- 
mum cation I, via the formation of a 31 -complex. The ft inter- 
action between the Grignard reagent and the arenediazo— 
nium cation,, should be a facile process due to the delocaliza- 
tion of the positive charge over the aromatic ring of the arene- 
diazonium cation. The resulting diazenyl radical j^p-R-CgH^-N^l * , 
may decompose by the heterolysis of the C-N bond, yielding 
gaseous nitrogen and an electrophilic ft -aryl radical. This 
■ft- aryl radical then reverts to a stable cr-aryl radical. The 
cr'-aryl radical so formed then abstracts a hydrogen atom from 
the solvent (step 7), attacte the protodediazoniated products, 
R-CgH,- (step 8) or couples with another radical (step 9 and 

step 10) . The aryl radicals being highly reactive and non- 
50 

selective, abstract hydrogen atoms from the solvent in prefe- 
rence over all other pathways consuming these. On the other 
hand, benzyl and tert. butyl radicals being more stable than the 
aryl radicals, dimerize to a larger extent, besides abstracting 
hydrogen atoms from the solvent. The observed difference in 
the reactivities of the two Grignard reagents may be related to 
the difference in stabilities of the alkyl radicals formed in 
step 5. Thus, benzylmagnesium chloride reacts faster than the 
tert. butylmagnesi urn chloride, owing to the higher stability 
of the resonance stabilized benzyl radical as compared to the 

tert. butyl radical. The reactivity sequence of the arenediazo- 

+ + + 

nium cations I, p-0 2 N-^H 4 -N 2 ^>C 6 H 5 -N 2 >p-MeO-C 6 H , is in 
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54 , 

agreement with their oxidation potentials. Furthermore, the 

reaction with p-MeO-CgH^-^ is slowed down due to the slower 

heterolysis of the C-N bond in p-methoxyphenyl diazenyl radical, 

46,55 

as this bond is strengthened due to direct conjugation between 
the -N 2 + group and the -OCH^ group in the diazenyl radical 
species as shown below: 


r - /=\ + i 

• 


r + 

/=\ + - i 

[ H 3 C - 8 -\> N5 ^ 


^ 

[ H 3°-P.“ 



OC -Methylstyrene inhibits the reaction presumably by scavenging 
the radicals 0 formed in steps 5 and 6. 

Minor amounts of azo compounds formed, may either result 

by the coupling of the diazenyl radical with alkyl radical, 

57 

before the former radicals undergo fragmentation as shown xn 
Eqn. 13 or by a minor ionic pathway outlined in the first step 
of Scheme IV. ll. 

p_r_c 6 h 4 -n=n + r'. > p-r-c 6 h 4 -n=n-r' .. (13) 

The azo compounds formed in the reactions with benzylmagnesium 

chloride isomerize to yield the corresponding substituted 
41 

hydrazones: 

p-r-c 6 h 4 -n=n-ch-c 6 h 5 > p-r-c 6 h 4 -n-n=ch-c 6 h 5 

H H 

The N-benzyl benzaldehyde p-methoxyphenylhydrazone IV obtained 
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in runs 2 and 3 might arise by the coupling of a benzyl radical 
with radical III derived from the corresponding phenylhydrazone, 
by a hydrogen atom abstraction from the latter, as shown in 
Scheme IV. 13: 

SCHEME IV. 13 

p-MeO-C^H --N— N=CH— C-.H- p-MeO-C,H /t -N-N=CH-C,.H c - 

6 4 1 65 (e.g. Ar ) 6 4 * 65 

III 

p-MeO-C 6 H 4 -N-N=CH-C 6 H 5 + CgHgCH^ » p-MeO-C 6 H 4 -N-N=CH-C 6 H 5 

III CH -C,H 

IV 2 

Apparently, radical III is stabilized more by the presence of 
a p-MeO group in the phenyl ring, in contrast to other substi- 
tuents and thus couples with a stable benzyl radical, to yield 
the product. 


IV. 4 Experimental 

All melting points were determined on a MEL- TEMP melting 
point apparatus. IR spectra were recorded on Perkin-Elmer 
model-580 spectrophotometer. The GLC analyses were carried out 
on a chromatography and Instruments Company model AC1-FI instru- 
ment using 10% SE-30 on Crom-P (85-100 M) column of 2 m length. 
Column chromatography was carried out using activated silica- gel 
(100-200 M) . Silica-gel (asc-India) was used for TLC analyses. 
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The ESR spectra were recorded on a Varian Model V-450 2 EPR spec- 
trophotometer operating at X-Band with 10 KC modulation. The 
NMR spectra were recorded on a Varian model A-60 spectrometer. 
Products of different reactions were identified by comparison 
of their 1R spectra with those of the authentic samples, by TLC, 
GLC, mixed melting points and by C, H and N analyses. Literature 
melting points are cited from "Handbook of Chemistry and 
Physics," 50th edition, R.C. Weast (Ed.), published by Chemical 
Rubber Company,' Cleveland, Ohio, unless otherwise stated. 

Starting Materials 

Tetrahydrofuran (THF) was purified by keeping it over 
potassium hydroxide pellets overnight, refluxing over sodium 
wire for 5—6 hr and then distilling over sodium twice, refluxing 
the same for 3-4 hr with lithium aluminium hydride (LAH) follow- 
ed by a final distillation over LAH. The distilled THF was 
stored in contact with freshly drawn sodium wire. 

Benzyl chloride (BDH) and tert. butyl chloride (SRL- India) 
were dried over anhydrous Na 2 S0 4 and distilled before use. Magne- 
sium metal (BDH, Poole, England, Grignard grade) was used after 
cleaning with methanol followed by ether and then drying in an oven 
at 60°C for 1 hr. Benzenediazonium fluoroborate, p-methoxy- 
benzenediazonium fluoroborate, p-acetylbenzenediazonium fluoro- 
borate, p-nitro benzenediazonium fluoroborate and p-methylbenzene— 
diazonium fluoroborate were prepared according to the procedure 
described in the literature®,® The authentic samples of bibenzyl®® 
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4-nitrod.iphenylme thane, ^ 4-methoxyd.iphenylmethane, ^ 4-acetyl - 

diphenylmethane, ^ 4-me thyldiphenylme thane, ^ hexamethylethane, ^ 

tert. butylbenzene, ^ 4-methoxy-tert.butylbenzene, ^ 4-nitro-tert. 

butylbenzene,, 6 "^ 4,4' -dime thoxybi phenyl, 66 4, 4 1 -dinitrobi phenyl, 69 

4, 4'- di acetyl biphenyl^ 0 and 4, 4 ' -dimethylbiphenyl 68 were prepared 

by the methods reported in the literature. Authentic samples of 

biphenyl (BDH) and diphenylme thane were used after recrystalliza- 

65 

tion. Authentic samples of benzaldehyde phenylhydrazone, 

41 

benzeneazo-a, a- dimethyl ethane, and p-methoxybenzeneazo-ec, a- 

41 

dimethylethane were also prepared by the known methods. 

Preparation of Grignard reagents: Benzylmagnesium chloride and 
tert.butylmagnesium chloride 

Benzylmagnesium chloride and tert.butylmagnesium chloride 
were prepared by standard procedures. In general, a perfectly 
clean and dry 3-neck 100 ml RB flask was mounted over a magnetic 
stirring base, fitted with a reflux condenser, a gas passing 
adaptor and a dropping funnel. Benzyl chloride (1.898 g; 

0.015 mol) and tert. butyl chloride (1.388 g; 0.015 mol) were used 
for the preparation of the respective Grignard reagents. Clean 
and dry magnesium metal (0.365 g; 0.015 g-atom) was placed in 
the flask and covered with dry THF (10 ml) . A small crystal 
of iodine was added and the reaction started by slow addition of 
the organic halide dissolved in dry THF (20 ml) over a period of 
20 min with continuous bubbling of nitrogen gas through the 
reaction mixture. The reaction mixture was stirred for a period 
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of further 15 min and thereafter, refluxed till the entire 
quantity of magnesium dissolved (about 45 min) . The reaction 
mixture was cooled and used for the reaction. 

7 1 

In an experiment designed to estimate the Grignard 
reagents, a 5 ml aliquot of the above Grignard reagent solution 
was added to 25 ml of 0.2 N hydrochloric acid and the excess of 
acid remaining unreacted back titrated with a standard NaOH 
solution (0.2 N), using phenolphthalein as indicator. Averages of 
closely agreeing runs and analyses showed that benzylmagnesium 
chloride was formed in 66.7% yield (ca. 0.01 mol) and tert. butyl- 
magnesium chloride in 86.7% yield (ca. 0.013 mol) . A separate 
experiment was conducted in each case, for the estimation of 
hydrocarbons and dimeric products formed during the preparation 
of Grignard reagent. On GLC analysis of benzylmagnesium 
chloride solution, toluene (18.3%) was found to have formed. On 
addition of the Grignard reagent into water, subsequent extrac- 
tion with ether and GLC analysis of the ethereal extract, 
bibenzyl (15%) was found to have formed during the above prepara- 
tion of benzylmagnesium chloride. Hexamethyl ethane (4.5%), 
along with an unestimated amount of methylpropane were formed 
during the preparation as described above, of tert.butylmagnesium 
chloride. These yields of the monomeric hydrocarbons and dimeric 
products were excluded from the yields of these products reported 
in the subsequent experiments of this section. 
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1. Reaction of benzenediazonlum fluoroborate with an equimolar 
amount of benzyl-magnesium chloride at room temperature (30° C) 
under nitrogen atmosphere. Reaction time -50 sec (time for 
evolution of nitrogen gas) 

A slurry of benzenediazonlum fluoroborate (1.52 g; 0.01 mol) 
in 30 ml THF was taken in a 3-neck flask provided with a gas 
inlet tube/ a pressure equalizing dropping funnel and connected 
to a gas collector through a mercury trap. The contents of the 
flask were flushed with pure dry nitrogen for 30 min under 
magnetic stirring. Benzylmagnesium chloride (0.01 mol) prepared 
as above, in 30 ml THF was added through the dropping funnel 
with continuous stirring. The reaction commenced immediately 
with evolution of nitrogen gas. The evolution of nitrogen gas 
ceased after 50 sec. and it was observed that 85% of the theore- 
tical quantity of nitrogen gas had evolved during this period. 

The reddish brown reaction mixture was immediately poured into 
100 ml of water acidified with 15 ml of hydrochloric acid, and 
extracted thrice with 100 ml portions of diethyl ether. The 
ethereal extract was washed well with water and dried over 
anhydrous MgsO^. Ether was removed carefully at room tempera- 
ture under reduced pressure, till the volume of the ethereal 
extract was reduced to 50 ml. This crude mixture was analyzed 
by GLC, using a 10% SE-30 on Crom-P (85-100 M) column of 2 m 
length. The products were identified by comparison of their 
retention times with those of the authentic samples. Product 
yields were estimated by comparison of the peak areas with those 
from equal aliquots of standard solutions of authentic samples 
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in ether. The yields of various products identified were esti- 
mated to be: benzene (60%), toluene (24%), biphenyl (4%), 
diphenylme thane (9%) and bibenzyl (30%) . The yields of toluene 
and bibenzyl were corrected after taking into account the quanti- 
ties of these materials formed during the preparation of benzyl- 
magnesium chloride and were based on the latter. The reaction 
mixture was further concentrated and chromatographed over an 
activated silica-gel (100-200 M) column. Elution of the column 
with petroleum ether (b.p. 60-80°C) gave a mixture of biphenyl, 
bibenzyl and diphenylme thane. Further elution with a mixture of 
petroleum ether (b.p. 60-80°C) and benzene in the ratio 1:1 gave 
benzaldehyde phenylhydrazone (0.157 g; ca. 8%) m.p. 156°C; 
lii^. 2 * * 5 m.p. 158°C,. identified by its superimposable IR spectrum 
with that of an authentic sample and mixed melting point tech*- 
nique. 

2. Reactions of benzenediazonium fluoroborate with tert. butyl- 
magnesium chloride at room temperature (30°c) under nitrogen 
atmosphere 

(a) Reaction with equimolar amounts of benzenediazonium fluoro - 
borate and tert. butylmagnesium chloride; Reaction time - 
120 sec, (time for evolution of gas) 

tert. Butylmagnesium chloride (0.013 mol) prepared from 
tert. butyl chloride (1.388 g; 0.015 mol) and magnesium (0.365 g; 
0.015 g-atom) by the procedure mentioned earlier, was reacted 

with an equimolar amount of benzenediazonium fluoroborate 
(2.496 g; 0.013 mol) contained in THF (30 ml), in an assembly 
identical to that described for the reaction 1 .above. The 
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reaction commenced immediately and a total of 393 ml (as at NTP) 
of the gas was evolved in 120 sec. GLC analysis of this gaseous 
mixture on a 10% SE-30 on Crom-P (85-100 M) column of 2 m length 
showed it to contain 50% methylpropane (yield based on tert. - 
butylmagnesium chloride) . This product was identified by 
comparison of its retention time with that of an authentic 
sample, prepared by the addition of dil. HCl to tert. butyl- 
magnesium chloride and collecting the gas evolved by the down- 
ward displacement of water. The yield was estimated by compa- 
ring the peak area with that from an equal aliquot of the 
authentic sample. Thus the rest of the gas, assumed to be 
nitrogen, corresponds to 85% of the theoretical quantity (yield 
based on benzenediazonium fluoroborate) . After the evolution of 
the gas ceased, the reaction mixture was worked up immediately 
by adding it to 100 ml water acidified with 15 ml of hydro- 
chloric acid. This solution was extracted with ether (3 xlOO ml) 
and the ethereal extract was washed with water, dried (anhydrous 
MgS0 4 ) and concentrated to a volume of 50 ml, by the removal of 
ether at room temperature under reduced pressure. This crude 
mixture of products was analyzed by GLC by the calibration 
method. The yields of the various products identified were: 
benzene (70%), hexamethylethane (13%), tert.butylbenzene (5%) 
and biphenyl (3%) . The yield of hexamethylethane was based on 
tert. butylmagnesium chloride, while the yields of rest of the 
products were based on benzenediazonium fluoroborate. Also, the 
yield of hexamethylethane was corrected after taking into 
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account the amount of this material formed during the prepara- 
tion of tert.butylmagnesium chloride. The solution of crude 
mixture of products in ether was further concentrated and 
chromatographed over a silica-gel (100-200 M) column. Elution 
with petroleum ether (b.p. 60-80 °C) yielded a mixture of hydro- 
carbons. Further elution of the column with a mixture of 
petroleum ether (b.p. 60-80°C) and benzene in the ratio 3:1, 
yielded a yellow oil (0.147 g) , which was identified by its 
superimpo sable IR spectrum with that of an authentic sample to 
be ben zeneazo-cc,cC- dimethyl ethane. Its elemental analyses also 
agreed with the proposed structure. Thus the yield of this 
compound was 7%, based on benzenediazonium f luoroborate. 

(b) Reaction of benzenediazonium fluoroborate with an equimolar 
amount of tert.butylmagnesium chloride; Reaction time - 
1800 sec. 

A slurry of benzenediazonium fluoroborate (2.496 g? 

0.013 mol) in 30 ml THF was reacted with tert.butylmagnesium 
chloride (0.013 mol) in an identical manner as described in the 
previous experiment. Reaction commenced immediately with the 
evolution of gases (393 ml as at NTP) and was allowed to proceed 
for 30 min. GLC analysis of the gaseous mixture as described 
in the previous experiment showed it to contain 50% of methyl- 
propane and 85% of nitrogen. Reaction mixture was worked up 

after 1800 sec with acidified water and extracted with ether. The 
ethereal extract,on GLC analyses, showed the product distribution 
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to be: benzene (71%), hexamethyl ethane (14%), tert.butylbenzene 
(5%) and biphenyl (3%) . Golumn chromatography of the reaction 
mixture as described in the previous experiment yielded a 
mixture of hydrocarbons and benzene azo-cc,ec-dimethyle thane 
(0.147 g; ca. 7%). 

(c) Reaction with equimolar amounts of benzenediazonium fluoro- 
borate and tert.butylmagneslum chloride, in presence of 
cc-methylstyrene. Reaction time - 2400 sec. 

In a 3-neck RB flask mounted over a magnetic stirring base 
was placed benzenediazonium fluoroborate (2.496 g; 0.013 mol) 
an doc -methyls tyrene (11.82 g; 0.1 mol) contained in 30 ml THF. 
This mixture was flushed with dry nitrogen and tert.butylmagne- 
sium chloride (0.013 mol) prepared in 30 ml THF added from a 
pressure equalizing dropping funnel. Reaction was allowed to 
proceed for 40 min. A gaseous mixture (76 ml as at NTP) was 
evolved. GLC analysis of this gaseous mixture in the usual 
manner gave methylpropane (6%) . Thus, ni trogen in the gaseous 
mixture was 20%. On work up and product analyses in the manner 
described in the previous experiment, only benzene (10%) and a 
trace amount of benzeneazo-CC/c-dimethylethane, could be detected 
besides an unestimated amount of cc-methylstyrene. Small amounts 
of several other products, presumably formed by the trapping Of 
radicals by CC -methylstyrene, could not be analyzed. 

3. Reactions of p-methoxybenzenediazonium fluoroborate with 
benzylmaqnesium chloride at room temperature (30° C) under 
nitrogen atmosphere: 
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(a) Reaction with equimolar amounts of p-methoxybenzene- 

diazonium fluoroborate and benzylmagnesium chloride^ 

Reaction time - 60 sec, (time for the evolution of nitrogen 

ass) 

A slurry of p-methoxybenzenediazonium fluoroborate (2.22 g; 
0.01 mol) in 30 ml THF was reacted with benzylmagnesium chloride 
(0.01 mol) prepared in 30 ml THF, under conditions identical with 
those of the reaction (l) . Nitrogen gas corresponding to 80% 
completion of the reaction was evolved in 60 sec, after which 
no more gas came out. The reaction mixture was worked up in the 
usual manner, by pouring it into acidified water. The ethereal 
extract of the reaction mixture was washed with water, dried 
(anhydrous MgSO^) , concentrated and analyzed by GLC on a 10% 

SE-30 on Crom-P (85-100 M) column of 2 m length. The distribu- 
tion of products identified was: toluene (22%), anisole (57%), 
bibenzyl (27%), 4-methoxydiphenylmethane (13%) and a mixture of 
isomeric di me thoxybi phenyls (3%) . The reaction mixture was 
concentrated further and chromatographed over a silica-gel 
(100-200 M) column. Elution with petroleum ether (b.p. 60-80 °C) 
first gave bibenzyl (0.246 g; ca. 27%), m.p. 52°C, lit. m.p. 52.5°C 
identified by mixed melting point and its superimpos abl e IR 
spectrum with that of an authentic sample. Further elution of 
of the column with a mixture of petroleum ether (b.p. 60-80°C) 
and benzene in the ratio 1:1, first gave a mixture of anisole 
and 4-methoxydiphenylmethane and thereafter, a pale yellow solid 
(0.38 g) , which on recrystallization from ethanol gave a single 
spot on TLC, m.p. 123-124°C. The IR spectrum (Fig. IV. l) of this 



Fig. IV. 1 IR spectrum ( KBr ) of Hydrazone IV 
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compound recorded both in the form of KBr disc as well as in CCl, 

' 4 

solution, did not indicate the presence of -NH- group. It was 

identified to be p-H o C0-C,H .-N (CH 0 C,H c ) -N=CH-C,H c (obtained in 

J 0 4 Z O D o o 

12% yield). Elemental analysis gave: C, 79.8; H, 6.45; N, 8.70%. 
C 21 H 20 N 2° re< 5 u -i res: C ' 79.71; H, 6.37; N, 8.86%. The PMR spectrum. 
Fig. IV.2,of this compound showed distinct signals for the methoxy 
and methylene protons, but the signal for the methine proton 
appears to be buried under the signal for the aromatic protons. 
Further elution of the column with benzene yielded a pasty 
material which could not be analyzed. 

(b) Reaction with equimolar amounts of p-methoxybenzenediazonium 
fluoroborate and benzylmagnesium chloride. Reaction time - 
1800 sec 

The reaction of p-methoxybenzenediazonium fluoroborate 
(2.22 g; 0.01 mol) in THF (30 ml) with benzylmagnesium chloride 
(0.01 mol) in 30 ml THF was performed under all conditions 
identical to those of the reaction 3(a), excepting that the 
reaction was allowed to proceed for 30 min. Nitrogen gas corres- 
ponding to 80% completion of the reaction was evolved in 60 sec. 

No further evolution of nitrogen took place. The reaction mixture 
was worked up in the usual manner and analyzed by GLC as described 
in the reaction 3(a). The yields of products identified were: 
toluene (23%), anisole (59%), bibenzyl (28%), 4-methoxydi- 
phenylmethane (12%) and a mixture of isomeric bi aryls (3%) . 

Column chromatography of the reaction mixture as in the reaction 
3(a) yielded bibenzyl (0.255 g ; ca. 28%), a mixture of 





7,0 I • 5.0 1 ' 3.0 

PPM (6) 


Fig. IV. 2 NMR spectrum (60mcs) of Hydrazone IV. 
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anisole and 4-methoxydiphenylme thane, N-benzyl benzaldehyde 

p-methoxyphenylhydrazone (0.39g; ca. 12%) and a pasty material 
which could not be analyzed. 

4. Reactions of p-methoxybenzenediazonium fluoroborate with 
tert.butylmagnesium chloride, at room temperature (30°C) 
under nitrogen atmosphere 

(a) Reaction with equimolar amounts of p-methoxybenzenediazonium 
fluoroborate and tert.butylmagnesium chloride. Reaction 
time — 180 sec, (time for the evolution of total amount of 
gaseous product) 

A slurry of p-methoxybenzenediazonium fluoroborate 
(2.886 g; 0.013 mol) in 30 ml of 1HF was taken in a 3-neck flask, 
mounted over a magnetic stirring base, rest of the reaction 
conditions remaining the same as in the reaction 2(a). tert. - 
Butylmagnesium chloride (0.013 mol) contained in 30 ml THF was 
added from a pressure equalizing dropping funnel. The reaction 
commenced immediately and gaseous product (373 ml as at NTP) was 
evolved in 180 sec. 'GLC analysis of this gaseous product as 
described for the reaction 2(a), showed it to contain methyl- 
propane (48%) . Thus, the nitrogen evolved corresponded to 80% 
of the theoretical amount. The reaction mixture was worked 
up immediately after the evolution of gases stopped, by adding 
it to acidified water. The ethereal extract of the reaction 
mixture was washed with water, dried (anhydrous MgS0 4 ) , concen- 
trated and analyzed by GLC using the calibration method, as 
described for the reaction (l) . The yields of various products 
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identified were: anisole (66%), hexamethylethane (11%), 
4-methoxy-tert.butylbenzene (8%) and a mixture of isomeric 
dimethoxybi phenyls (4%) . The reaction mixture was further 
concentrated and chromatographed over a silica-gel (100-200 M) 
column. Elution with petroleum ether (b.p. 60-80° C) yielded 
hexamethylethane (0.082 g; ca. 11%); m.p. 103°C? lit. m.p,104°C, 
identified by its superimpo sable IR spectrum with that of the 
authentic sample and by mixed melting point technique. Further 
elution of the column with petroleum ether (b.p. 60-80°C) and 
benzene mixture in the ratio 1:1, yielded anisole (0.93 g; 
ca. 66%) followed by 4-methoxy-tert.butylbenzene (0.171; ca.8%) . 
These products were identified by their respective IR spectra 
which were superimpo sable with those of the authentic samples 
and elemental analyses. Further elution of the column with the 
same solvent gave an orange yellow oil identified as p-methoxy- 
azo-cC,CC-dimethylethane (0.25 g; ca. 10%). It was identified by 
its IR spectrum and elemental analysis. Anal.: C, 68.81; 

H, 8.42; N, 14.5 2%. Calculated for C 11 H 16 N 2 ° ! C ' 68 -72; H, 8.39; 

N, 14.57%. Elution of the column with benzene gave a colored pasty 
material which could not be analyzed. 

(b) Reaction with equimolar amounts of p-methoxybenzenedi azonium 
fluoroborate and tert. butylmaqnesium chloride. Reaction 
time - 1800 sec . 

The reaction of p-methoxybenzenedi azonium fluoroborate 
(2.886 g; 0.013 mol) in THF (30 ml) with tert.butylmagnesium 





203 


chloride (0.013 mol) in 30 ml of THF was performed under the 
conditions identical to those of the reaction 4(a)/ excepting 
that the reaction time was extended to 30 min. The mixture of 
gases obtained, on GLC analysis, yielded 50% methylpropane and 
the nitrogen was calculated to have evolved in 80% yield. The 
reaction mixture was worked up in the usual manner and analyzed 
by GLC and column chromatography as described in the reaction 
4(a). The yields of various products identified were: anisole 
(65%), hexamethyl ethane (0.089 g; 12%), 4-methoxy-tert. butyl- 
benzene (8%) , mixture of isomeric dimethoxybi phenyls (4%) and 
p-methoxybenzeneazo — cc,cc -dime thyle thane (0.25 g; 10%). All the 
compounds were characterized either by GLC or by a comparison 
of their IR spectra with those of the authentic samples and 
their elemental analyses. Additional colored pasty materials 
could not be analyzed. 

(c) Reaction with equimolar amounts of p-methoxybenzenediazonium 
fluoroborate and tert.butylmagnesium chloride, in presence 
of tx -methylstyrene. Reaction time - 2400 sec. 

In a 3-neck RB flask, mounted over a magnetic stirring 
base was placed p-methoxybenzenediazonium fluoroborate (2.886 g; 
0.013 mol) and cc -methylstyrene (11.82 g; 0,1 mol) contained in 
30 ml of THF. The system was flushed with dry nitrogen for 
30 min and then tert.butylmagnesium chloride (0.013 mol) in 
30 ml of THF was added to the flask from a pressure equalizing 
dropping funnel. Reaction was allowed to proceed for 40 min. 

The gaseous products evolved (41 ml as at NTP) on GLC analysis 
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as for the previous experiments# showed it to be a mixture of 
methyl propane and nitrogen in 4% and 10% yields of the theore- 
tical# respectively. On work up and product analyses in the 
manner described for the reaction 4(a), only anisole (6%) and 
a trace amount of p-methoxybenzeneazo — cc,tc-dimethylethane could 
be detected, besides an unestimated amount of cc-methyl styrene. 
Additional colored pasty material could not be analyzed. 

5. Reactions of p-nitrobenzenediazonium fluoroborate with benzyl - 
magnesium chloride at room temperature (30°c) under nitrogen 
atmo sphere 

(a) Reaction with equimolar amounts of p-nitrobenzenediazonium 
fluoroborate and benzylmaqnesium chloride. Reaction time - 
35 sec, (time for the complete evolution of nitrogen gas ) 

A slurry of p-nitrobenzenediazonium fluoroborate (2.37 g; 
0.01 mol) in 30 ml of THF was taken in a 3-neck RB flask# 
mounted over a magnetic stirring base and provided with a gas 
inlet tube# a condenser and a pressure equalizing dropping 
funnel. The gas outlet was connected to a collector through a 
mercury trap. The contents of the flask were flushed with dry 
nitrogen for 30 min. Benzylmagnesium chloride (0.01 mol) 
contained in 30 ml of THF was added through the dropping funnel 
with continuous stirring. The reaction commenced immediately 
with the evolution of nitrogen gas. Nitrogen gas corresponding 
to 90% completion of the reaction was evolved in 35 sec, after 
which no more gas evolved. The reddish brown reaction mixture 
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was added to acidified water and the mixture extracted with ether 
(3 x 100 ml). The ethereal extract was washed with water, dried 
(anhydrous MgSO^,) and concentrated to a volume of 50 ml. The 
mixture of products was analyzed by GLC using a 10% SE-30 oh Crom-P 
(85-100 M) column of 2 m length, by the calibration method. The 
yields of various products identified were: toluene (27%) , nitro- 
benzene (65%), bibenzyl ( 30 %) , 4-nitrodiphenylme thane (12%) and a 
mixture of isomeric dinitrobi phenyls (3%) . The reaction mixture 
was chromatographed over a silica-gel (100-200 M) column. Elution 
of the column with petroleum ether (b.p. 60-80°C) gave bibenzyl 
(0.27 3 g; ca. 30%); m.p. 5 2°C ; lit. m.p. 5 2.5°C, identified by its 
superimposable IR spectrum with that of an authentic sample and 
mixed melting point technique. Elution of the column with petro- 
leum ether (b.p. 60-80°C) and benzene mixture in 1: 1 ratio (v/v) ,- 
gave a liquid product." This was characterized as nitrobenzene 
(0.80 g; ca. 65%) by its superimposable IR spectrum with that of 
an authentic sample and by GLC. Further elution of the column 
with petroleum ether (b.p. 60-80°C) and benzene mixture in 1:1 
ratio, gave a red colored mixture of products. These products 

Y 

could not be separated, but GLC analysis showed the presence bf 
4-nitrodiphenylmethane. Continued elution of the column with 
benzene first gave a yellow solid, the elemental analysis of 
which showed it to be a compound with empirical formula C^H.N0_. 

0 4 Z 

Its spot of TLC and retention time on GLC matched with corres- 
ponding characteristics of 4, 4 '-dinitrobi phenyl, but its mixed 
melting point with an authentic sample of 4, 4' -dinitrobi phenyl 
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was depressed, indicating it to be a mixture of isomeric dinitro- 
bi phenyls (0.0 37g; ca. 3%) . Further elution of the column with 
benzene gave a dark colored pasty material which could not be 
analyzed. 

In a separate experiment, when the reactants were mixed in 

the cavity of ESR spectrophotometer, ESR signals, (Fig. IV. 3) were 

observed. These signals were not observable with any of the pure 
reactants. 

(b) Reaction with equimolar amounts of p-nitrobenzenediazonium 
fluoroborate and benzylmaqnesium chloride. Reaction time - 
1800 sec . 

The reaction of p-nitrobenzenediazonium fluoroborate 
(2.37 g; 0.01 mol) in dry THF (30 ml) with benzylmagnesium 
chloride (0.01 mol) contained in 30 ml of THF was performed under 
conditions identical to those of the reaction 5(a), excepting 
that the reaction time was extended to 30 min. The nitrogen gas 
evolved corresponded to 90% completion of the reaction. The 
reaction mixture was worked up as usual and analyzed by GLC and 
column chromatography as described for the reaction 5 (a) . The 
yields of various products identified were: toluene (28%), nitro- 
benzene (0.824 g; ca. 67%)/ bibenzyl (0.291 g; 32%), 4-nitro- 
diphenylmethane (12%) and a mixture of isomeric dinitro biphenyls 
(0.037 g; ca. 3%). Additional colored mixture of products could 
not be analyzed. 
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Fig. IV. 3 ESR obtained during the reaction of 

p -nitrobenzene diazonium ftuoroborate 
with benzylmagnesium chloride . 
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6. actions of p-nitrobenzenediazonium fluoroborate with 
tert.butylmagnesium chloride under nitrogen atmosphere at 
room temperature (30°C) 

(a) Reaction with equimolar amounts of p-nitrobenzenediazonium 
fluroborate with tert. butylmagnesium chloride* Reaction 
time - 90 sec, (time for the total amount of gaseous product 
evolution) 

A slurry of p-nitrobenzenediazonium fluoroborate (3.081 g; 
0.013 mol) in 30 ml of dry THF was taken in a 3-neck RB flask, 
mounted over a magnetic stirring base and reacted with tert.butyl- 
magnesium chloride (0.013 mol) contained in dry THF (30 ml), 
under nitrogen atmosphere and at room temperature (30°c) . The 
reaction commenced immediately and a mixture of gases (408 ml as 
at NTP ) were evolved in 90 sec. GLC analysis of this gaseous 
mixture using a 10% SE-30 on Crom-P (85-100 M) column of 2 m 
length showed it to contain 50% of methyl propane (yield based 
on tert.butylmagnesium chloride) . Thus, the rest of the gas, 
assumed to be nitrogen, is evolved in 90% of the theoretical 
yield. The reaction mixture was worked up immediately by adding 
it to acidified water and extracted with ether (3 xlOO ml). The 
ethereal extract was washed with water, dried (anhydrous MgSO^) , 
concentrated at room temperature under reduced pressure and 
analyzed by GLC, as described for the reaction 2(a). The yields 
of various products identified were: hexamethyl ethane (14%), 
nitrobenzene (74%) , p-nitro-tert.butylbenzene (7%) and a mixture 
of isomeric dinitr obi phenyls (4%) . The reaction mixture was 
chromatographed over a column of silica-gel (100-200 M) . 
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on work up as usual and analysis by GLC as well as coluirm chroma- 
tography as described in the reaction 6(a) above, yielded only 
nitrobenzene (15%), besides an unestimated amount of a: -methyl- 
styrene. Additional colored pasty material could not be 
analyzed. 

7 . Reaction of p-acetylbenzenediazonium fluoroborate with an 

equimolar amount of benzyl magnesium chloride at room tempe- 
rature (30°C) under nitrogen atmosphere. Reaction time - 
45 sec, (time for evolution of nitrogen gas) 

The reaction of p-acetylbenzenediazonium fluoroborate 
(2.34 g; 0.01 mol) contained in THF (30 ml) with benzylmagnesium 
chloride (0.01 mol) contained in 30 ml of THF was performed under 
reaction conditions identical to those of the reaction (l) . The 
reaction commenced with vigorous evolution of nitrogen gas, 
which amounted to 90% yield of the theoretical quantity, in 45 sec. 
The reaction mixture was worked up in the usual manner and the 
ethereal extract analyzed by GLC as described for the reaction 
(l) . The yields of various products identified were: toluene 
(28%), acetophenone (66%), bibenzyl (31%), p- acetyl diphenyl- 
methane (14%) and a mixture of isomeric diacetylbiphenyls (2%) . 
The mixture of products was chromatographed over a silica gel 
(100-200 M) column. Elution with petroleum ether (b.p. 60-80°C) 
gave bibenzyl (0.282 g; ca. 31%); m.p. 5 2®C; lit. m.p. 52.5°C. 
Further elution of the column with petroleum ether (b.p. 60-80° C) 
and benzene mixture (1:1) gave a liquid which was analyzed by 
GLC and found to be a mixture of acetophenone (66%) 
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and p- acetyl diphenylmethane (14%) . Further elution of the 
column with benzene yielded a colored pasty material, which 
could not be analyzed. 

Reaction of p-methylbenzenediazonium fluoroborate with 
benzylmagnesium chloride at room temperature under nitrogen 
atmosphere 

The reaction of p-methylbenzenediazonium fluoroborate 
(2.06 g; 0.01 mol) taken in THF (30 ml) with benzylmagnesium 
chloride (0.01 mol) contained in 30 ml of THF was carried out 
under reaction conditions identical to those of the reaction (l) . 
Nitrogen gas corresponding to 85% completion of the reaction was 
evolved in 50 sec. The reaction mixture was worked up as usual 
and the ethereal extract washed with water, dried (anhydrous 
MgSO^) and concentrated at room temperature under reduced 
pressure. GLC analysis of the reaction mixture by the calibra- 
tion method yielded the product distribution: toluene (86%), 
bibenzyl ((32%) , p-methyldiphenylmethane (10%) and a mixture of 
isomeric dimethyl biphenyls (3%). It is evident from the product 
distribution obtained in the reaction (l) and the yields of 
toluene obtained in the reactions of arenedlazonium salts with 
benzylmagnesium chloride, that a maximum of 25% of toluene is 
formed by the hydrogen atom abstraction by benzyl radicals and 
thus the rest 61% is obtained from the p-methylphenyl radicals. 
The reaction mixture obtained in the above reaction was 
concentrated further and chromatographed over a silica gel 
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(100-200 M) column. Elution with petroleum ether (b.p. 60-66°C) 
gave bibenzyl (0.291 g; ca. 32%); m.p. 5 2 °C; lit. m.p. 52.5°C. 
Further elution of the column with petroleum ether (b.p. 60-80°c) 
yielded p-methyldiphenylmethane (0.182 g; ca. 10%); b.p. 144 °C 
(16 mm); lit. b.p. 144°C (16 mm). Further elution of the column 
gave only colored tarry material which could not be analyzed. 
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CHAPTER V 


ELECTRON TRANSFER MECHANISMS IN THE 
REDUCTIVE DEMERCURATION AND SYMMETRI- 
ZATION OF ORGANOMERCURIC HALIDES WITH 
SODIUM NAPHTHALENE AND LITHIUM ALUMINIUM 
HYDRIDE 


V. 1 Abstract 

The reactions of a few alkyl- and arylmercuric chlorides 
R-Hg-Cl viz./ benzylmercuric chloride/ phenylmer curie chloride, 
p-tolylmercuric chloride and p-nitrophenylmer curie chloride with 
varying amounts of sodium naphthalene in THF solvent, at 30° C 
under nitrogen atmosphere were examined. Each of these reactions 
commenced with immediate precipitation of metallic mercury. 
Besides, naphthalene, symmetrical diorganomercurials R-Hg-R, 
monomeric hydrocarbon R-H and dimeric products R-R were obtained 
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as other products. Though the reactions of or ganomer curie 
halides with equimolar quantities of sodium naphthalene were 
largely incomplete in 30 min., more of each halide was consumed 
on increasing the reaction time. The reactions were complete 
with twice the molar quantity of sodium naphthalene, excepting 
in case of p- to lylmer curie chloride, which reacted to an extent 
of 88% only. A novel electron transfer free radical mechanism 
involving the occurrence of a ji *— >Jl* electron transfer from the 
naphthalene radical anion to R-Hg-Cl, has been proposed to 
account for the observed facts. Most reasonable process leading 
to the radical induced symmetrization of R-Hg-Cl, in the presence 
of an electron donor, has been identified. 

The reactions of the same four or ganomer curie chlorides 
as mentioned above, with LiAlH 4 in THF solvent at 30 °C under 
dry nitrogen, commenced with the evolution of hydrogen gas and 
simultaneous separation of metallic mercury. Each organomer curie 
halide R-Hg-Cl, completely reacted with an equimolar amount of 
LiAlH 4 , yielding R-Hg-R, R-H and R-R. Symmetrization of aryl- 
mercuric halides in these reactions has been observed first time. 
Our observations rule out the possibility of formation of hypo- 
thetical R-Hg-H, in these reactions. A new electron transfer 
mechanism has been proposed which satisfactorily accounts for 
the initial generation of radical intermediate, besides rational- 
izing all the observations recorded for these reactions. 
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V. 2 Introduction 

1 

Frankland's initial studies on the preparation of organo- 

mercurials have been followed by an ever-incr easing interest in 

the properties and reactions of these materials. An account of 

the early history and important developments in organomercury 

chemistry can be found in Whitmore's treatise. A wide range of 

organometallic and organo- elemental compounds have been prepared 

from organomercury compounds by their reactions with halides of 

other metals and non-metals and also by the action of free 

metals, resulting in organometallic compounds of the latter 

3 

(i.e. other metals actually used). 

Since most methods of synthesizing the organomercury 
compounds lead to derivatives RHgX, symmetrization (i.e. the 
conversion of RHgX salts into fully substituted di organ omercu- 
rials R 2 Hg) , is one of the most important reactions of organo- 
mercury derivatives. Schematically, the process may be visualiz- 
ed as an equilibrium between the organomercury salt and the 

symmetrization products (Eq. l) : 

* 

2 RHgX - ■ ■ ■ ■ *■ R 2 Hg + HgX 2 .. (l) 

The equilibrium in most cases lies far to the left; hence 
the true equilibrium must be displaced to cause symmetrization. 
This is usually accomplished by either removing the mercuric 

4 

halide reactant, often by complex formation, or by removing the 
mercuric ion as metallic mercury via reduction of RHgX. Though 
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the product of reduction of an organomercurial is often the same 
as the product of symmetrization, in certain cases reductive 
demercuration also occurs. 

Alkyl or arylmercuric salts may be reduced by one- electron 
or two-electron transfer processes, as shown in Scheme V. l. The 
source of electrons may be a cathode, a metal or another 
reducing agent e.g., sodium stannite or hydrazine: 

SCHEME V. 1 

R-Hg-X + e~ > R-Hg* + X~ 

R-Hg-X + 2 e~ > R-Hg“ + x" 

5 

Kraus demonstrated in 1913 that many alkylmercuri c halides 
can be reduced electrolytically. Electrolysis of methylmercuri c 
chloride in liquid ammonia, for instance, gives a dark spongy 
precipitate at the cathode. This precipitate is a good electrical 
conductor and has been described as (CH^Hg*)^ On warming, this 
material gives metallic mercury and dimethylmercury in an exo- 
thermic reaction (Eq. 2) : 

(CH 3 Hg*) n > | CH 3 HgCH 3 + | Hg° ..(2) 

Polarographic studies carried out by Benesch and Benesch 6 on a 
number of alkylmercuric salts, established that the reduction 
can either be a one electron or a two electron process depending 
upon the potential applied. The available evidence supports the 
mechanism shown in Scheme V. 2s 
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SCHEME V.2 

RHgX + e~ > RHg' + X~ 

2 RHg' > RHgR + Hg° 

RHg' + H + + e“ > RH + Hg° 

The path taken by RHg' depends upon its concentration, the 
applied potential and the acid concentration. 

Electropositive metals react with organomercurials by an 
oxidation-reduction process. The reduction usually proceeds 
fast to give initially the diorganomercury compound and metallic 
mercury; and thereafter, more slowly to give the metal- alkyl and 

more free mercury. The electropositive metals which have been 

7 8 9— 11 12 13 

employed are sodium, ' copper, zinc, magnesium, and 

14 

cadmium, copper and silver amalgams. 

2 RHgX + 2 Na — — > R 2 Hg + Hg° + 2 NaX 
R 2 Hg + 2 Na > 2 RNa + Hg° 

15-17 

Sodium stannite has been widely used as a reducing 

agent for or ganomer curie halides giving excellent yield of 

products. The diorganomercury compounds are generally stable 

to further reduction or they are reduced slowly. Traylor and 
18 

Winstein have examined the stereochemical course of symmetri- 
zation by sodium stannite^ of several alkylmercuric halides. The 
evidence obtained by them leads to the mechanism outlined in 


Scheme V. 3: 
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SCHEME V. 3 


RHgBr + SnO, 


-> RHgBr : Sn0 2 = 


RHg* + BrSnO, 


RHg * 


R’ + Hg 


R* + RHgBr - - - - ^ j^HgBrJ * 


[ R 2 H H 


+ SnO, 


-> R 2 Hg + BrSnO 


2 RHg* > RHgHgR 


-> R-Hg-R 

V 


R-Hg-R + Hg 


The structure of the intermediate [^HgBrJ has been postulated 
as a resonance hybrid (Eq. 3) : 

R-Hg-R (-Br) < > R-Hg-R ( • Br) < » R-Hg-R(-Br) . . (3) 


The formation of diorganomercurials by the treatment of 


organomercuric halides with hydrazine (Eq. 4) was first noted by 

19 

Gilman and Wright and this reaction has since been widely 
used. 


N H 

2 RHgX — R 2 Hg + Hg° 


(4) 


It has been established now that further reduction of the diorgano- 

mercury formed in Eq. 4, may also occur, with the formation of 

21 

hydrocarbon and olefinic products shown below: 
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Reaction of a single diastereomer of 2-methoxycyclohexyl- 
mercuric chloride with hydrazine gives rise to a mixture of 
diastereomeric di alkylmercury products (Eq. 5): 



a or trans 



a,0 

0,0 


.. (5) 


This lead Wright to postulate that free radicals are involved 
in the reduction of or ganomer curie halides with hydrazine. How- 
ever, it was observed that hydrazine as such reduces organomer- 
curic halides slowly but in the presence of an alkali, the 
reaction proceeds rapidly suggesting an (at least partially) 
ionic mechanism. To account for these observations, the mecha- 
nism outlined in scheme V. 4 has been postulated: 


SCHEME V. 4 


RHgBr + H 2 NNH 2 
RHgBr + RHg— NHNH 2 
RHg-NH-NH-HgR 
HN=NH + 2 RHgBr 
RHg-HgR 
RHg* 
R* + RHgBr 


RHg-NHNH 2 + HBr 
b ^ Se ' " > RHg-NH-NH-HgR + HBr 

> 2 RHg* + NH=NH 

> 2 RHg* + N 2 + 2 HBr 

> RHgR + Hg° 

> R* + Hg° 

reduc- 

- j^HgBrJ* ■ — — > R 2 Hg +Br" 


2 RHg 
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22 

Winstein and Traylor demonstrated that lithium aluminium 

hydride (LAH) reduces organ omercuric halides to hydrocarbons. 

23 

Traylor has postulated that an intermediate organoaluminium 
compound is formed in the reduction of phenylmercuric chloride 
with LAH; which on hydrolysis yields benzene (Eqs. 6 and 7) : 



The fate of the halide ion in this reaction has not been 
discussed. 


Free radical intermediates have been proposed in the 

reductive demercuration of alkylmercuric halides, by metal 
2 4 — 2 6 

hydrides. ~ The near constancy of the product distribution 

inspite of drastic changes in the nature of the metal hydrides 

used as reducing agents, has been taken in the literature to 

suggest that these hydrides do not themselves donate hydrogen 

atoms to the intermediate alkyl radicals. Several metal 

hydrides e.g. sodium borohydride, diethyl aluminium hydride, 

tri-n-butylphosphine copper (I) hydride, and tri-n-butyltin 

24 

hydride, have been used. It has been proposed that these 
reductions occur by either of the two pathways shown in Scheme 


V.5: 

Pathway I : RHgBr 

RHgH 
R' + * HgH 


SCHEME V, 
MH k 


RHgH 

R* + *HgH 
RH + Hg° 


. . .contd. 
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Scheme V.5 (contd.) 


Pathway II : 


RHgBr 

MH 

RHgH 


RHgH 

» 

R* + 

other products 

R* + RHgH 

» 

RH + 

RHg' 

RHg* 

> 

R' + 

Hg° 


Evidence has not been presented to differentiate between the 
radical cage (pathway I) and radical chain (pathway II) mecha- 
nisms, but pathway II has been preferred, in view of the results 

obtained in the reductions of alkylmercuri c bromides by NaBH^ in 

27 

the presence of oxygen. 


The reactions of alkylmercuric halides with lithium alumi- 
n.ium hydride are also believed bo proceed via intervention of 
radicals. A mechanism similar to the one outlined in Scheme V.5 
(pathway II) has been proposed for these reductions by LAH. Thus 
the reductive demercuration of hex-5-enyl-l-mercuric bromide by 
LAH has been postulated to proceed by the mechanism outlined in 
Scheme V.6: 


SCHEME V.6 
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Recently, Russell and coworkers have demonstrated that 
alkylmercuric halides participate in the S^i reaction with 
nitronate anions in Me2S0 or DMF (Scheme V.7) : 



Vinylmercuric halides have been shown not to participate in a 

chain reaction with nitronate anions. However, it has been 

exhibited that vinylmercurials give radical chain substitution 

reactions with anions such as RS - , RSC^”, (RO) 2 P0 _ , or R0P(R')0”. 

30 

According to Russell these reactions involve an addition elimi- 
nation process (Eq. 8); the initial formation of radicals presum- 
ably taking place by an electron transfer from the anion: 

R'-CH=CHHgX + Y~ > R'-CH=CHHgX T + Y* 

H 

. I 

R 1 CH=CHHgX + Y* > R'CH-C-Y > R'CH=CHY 

' - - HgX + *HgX .. (8) 

Y=RS”; RSO ~ ; (RO) 2 P0"; R0P(R')0 _ . 

The chain is apparently propagated by the reaction of *HgX 
radical with the anion (Eq. 9) : 

•HgX + Y" » Hg° + X" + Y* .. (9) 
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Vinylmercurials are also known to undergo free radical chain 
substitution with RSSR, PhSeSePh, PhTeTePh or PhS0 2 Cl. An addi- 
tion elimination process similar to that shown in Eq. 8 has been 
proposed for these substitution reactions also. The propaga- 
tion steps postulated for these reactions are shown in Eq. 10 
and 11: 

*HgX + Y-Y > XHgY + Y* (where Y = RS, PhSe, PhTe) 

. . ( 10 ) 

* HgX + Y-Cl > XHgCl +Y* (where Y =PhS0 2 ) . . (ll) 

All these reactions are known to be stimulated by light and 
inhibited by radical scavengers. 

In view of the facts that sodium naphthalene is an excellent 
3 2—35 

source of electrons and lithium aluminium hydride can serve 

3S 37 

as a single electron as well as hydrogen atom donor, ' we 
decided to examine the details of the mechanistic roles of these 
two reagents in the reductive demercuration and symmetrization 
of some alkyl- and arylmercuric halides. 


V. 3 Results and Discussion 

Reduction of organomer curie halides has been effected by 

8 IQ 

a variety of reductants such as sodium metal, sodium stannite 
21 

and hydrazine; but the mechanistic details of these reactions 

are obscure. Though, naphthalene radical anion is known to 

38 39 

reduce arenedi azonium cations and certain benzylic halides 
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via jt*— >Jt* electron transfer pathways, its reaction with organo- 

mercuric halides has not been reported in the literature. 

Occurrence of a new electron transfer mechanism involving radical 

intermediates in the un catalyzed lithium aluminium hydride reduc- 

tion of Z 2-chlorostilbene and certain benzylic halides has 

been recently demonstrated in our laboratory. Though radicals 

28 

have been assumed to intervene in the reduction of alkvlmercu- 
ric halides with lithium aluminium hydride, the mode of formation 
of these intermediates is not understood. ^ In view of these 
facts, we have examined the reactions of a few organomer curie 
halides with sodium naphthalene as well as lithium aluminium 
hydride to elucidate the relevant reaction pathways. 

The reactions of benzylmercuric chloride la, phenylmer- 
curic chloride lb, p-tolylmer curie chloride Ic and p-nitrophenyl- 
mercuric chloride Id with varying amounts of sodium naphthalene 
in THF solvent at 30° C under nitrogen atmosphere gave the 
results summarized in the Table V. 1. Besides the products 
listed in the Table V. 1, an unestimated amount of metallic 
mercury was also obtained in these reactions. The reactions 
with equimolar amounts of sodium naphthalene in 30 min (runs 1, 

8, 13 and 15) were largely incomplete; but on increasing the 
reaction time, more of the organomer curie chloride I reacted in 
each case. The reactions of benzylmercuric chloride, phenyl- 
mercuric chloride and p-nitrophenylmercuric chloride were 
complete in 30 min with twice the molar quantities of sodium 
naphthalene, but only 88% of p-tolylmer curie chloride reacted 
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TABLE V. 1 ; Reactions 3 of Organomercuric Halides I with Sodium 
Naphthalene 



Organo- 
mer curie 
halide- 
R-Hg-Cl, 

I 

Molar 

Reac- 


% Yield of 

Products 

£> 

Run 

ratio 

C H ” • T 
L 10 8 - 

tion 

time 

(min) 

R-Hg-R 

R-H 

R-R 

Naphth- 

alene 0 

Starting 

halide 

I 

1 

la 

1.00 

30 

21 

2 

9 

85 

69 

2 

la 

1.00 

360 

24 

3 

12 

89 

62 

3 

la 

2.00 

30 

46 

30 

16 

90 

- 

4 d 

la 

1.00 

30 

13 

2 

5 

92 

78 

5 d 

la 

2.00 

30 

41 

26 

13 

90 

12 

6 e 

la 

2.00 

30 

6 

46 

3 

87 

31 

7 f 

la 

1.00 

30 

20 

2 

8 

89 

67 

8 

lb 

1.00 

30 

32 

12 

3 

88 

51 

9 

lb 

1.00 

360 

36 

14 

3 

93 

45 

10 

lb 

2.00 

30 

53 

38 

2 

92 

- 

ll d 

lb 

1.00 

30 

24 

8 

2 

90 

60 

12 f 

lb 

1.00 

30 

31 

10 

3 

90 

53 

13 

Ic 

1.00 

30 

23 

6 

2 

85 

70 

14 

Ic 

2.90 

30 

45 

36 

2 

91 

12 

15 g 

Id ' 

1.00 

30 

33 

3 

2 

90 

35 

16 g 

Id 

2.00 

30 

31 

29 

2 

84 

- 


a, 5 xlO - mol of R-Hg-Cl were reacted with Na + C n H ff T in THF, at 
30°C, under nitrogen atmosphere; la = CgHj-CH^-Hg-Cl, lb = 

• CgH -Hg-Cl, Ic * p-H C-CgH -Hg-Cl, Id = p-8 N-C^H -Hg-Cl. 


b, Percentage based on organomercuric halides, unless otherwise 
stated. An unestimated amount of metallic mercury was also 
obtained in these reactions. Mercury was separated from other 
products during work up by filtration through celite. 

c, Percentage based on sodium naphthalene. 


d. 


e, 

£> 




_3 

In the presence of 5 x 10 mol naphthalene added from outside. 
Yield of naphthalene based on the to tal_ amount of naphthalene 
obtainable from initially used Na + C n H ~ -- ™' 11 — ^ 
from outside. 

I,n the presence of cumene (0.1 mol). 


as well as 


C 10 H 8 


added 


In the presence of MgBr 2 (0.01 mol). On subsequent reaction with 
benzophenone, not even a trace of benzyldiphenylcarbinol in run 
7 and tri phenyl carbinol in run 12, was detected. 


Unestimated amounts of azobenzene and azoxybenzene were also 
obtained. Additional mixture of colored ' products could not be 
analyzed. 
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under similar conditions* The conceivable formation of benzyl 
anions in the reaction of benzylmercuric chloride and of aryl 
anions in the reactions of different arylmercuric chlorides, 
with equimolar quantities of sodium naphthalene is ruled out in 
view of our inability to trap these species in separate control 
experiments. Thus, the reactions of benzylmercuric chloride 
and phenylmercuri c chloride with equimolar amounts of sodium 
naphthalene in the presence of MgBr^, on subsequent reaction 
with benzophenone, did not yield even traces of benzyl di phenyl - 
carbinol and triphenylcarbinol, respectively. It is evident 
from the observed product distribution that the symmetrization 
of organomer curie chlorides predominates over demercuration, 
but this trend is reversed in the presence of cumene. All these 
facts coupled with the observed formation of dimeric hydro- 
carbons in these reactions, become discernible if intervention 
of radicals is visualized in these reactions. 

An attractive possibility for the formation of radicals is 
the nucleophilic displacement of Cl~ by naphthalene radical 
anion on the electrophilic mercury of organomer curie chloride I, 
followed by homolytic cleavage of the C-Hg bond into R-Hg* 
radicals and naphthalene, as shown in Scheme V.8. That this 
pathway for the formation of radicals is unlikely, was proved 
when the reaction of phenylmercuri c chloride with 9-fluorenyl 
anion , an equally good nucleophile vis a vis naphthalene 
radical anion, did not yield the expected fluorenylphenylmercury, 
though the latter compound is stable under our reaction condi- 


tions 
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SCHEME V, 8 

Cl 

I _ 



38* 39 

In view of the known electron donating ability of 

naphthalene radical anion towards appropriate substrates and 

the fact that or ganomer curie halides accept electrons even from 

29 

relatively weaker reducing agents (see section V.2), we propose 
the occurrence of an electron transfer free radical mechanism 

outlined in Scheme V.9 to rationalize all the observations • 
recorded for these reactions. 


SCHEME V.9 


R-Hg-Cl + C 10 H 8 * 
I 

^R-Hg-ClJ T 
II 


j 

R-Hg-Cl T 



L J 

II 


] 

R.-Hg* + Cl" 


'10 8 


. ( 12 ) 

. (13) 


contd 
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.. (14) 

R 2 Hg +C1" 
. . (15) 

. . (16) 

R* + R* > R-R . . (17) 

The reaction is initiated by the transfer of an electron 
from the Jr * MO of naphthalene radical anion to the lowest 
unoccupied molecular orbital (LUMO) of organomercuric chloride 
I. The reversibility of step 12 is evident from the observed 
retardation of the reactions of benzylmercuric chloride and 
phenylmercuric chloride with sodium naphthalene in the presence 
of naphthalene added from outside (runs 4/ 5 and 11) . It is 
obvious that in the presence of added naphthalene/ the equili- 
brium shown in step 12 would shift towards the left, thus 
explaining the recovery of larger amounts of unreacted starting 
materials in runs 4/ 5 and 11 compared to runs 1, 3 and 8, 
respectively- The fragmentation of radical anion II into the 
organomercury radical R-Hg* and Cl*" is favored by the high elec- 
tronegativity of Cl and has been established by electrochemical"* 

■ . ^ 

and polarographic reduction studies on similar substrates. The 

decomposition of the radical R-Hg* to yield the radical R* and 

40 

metallic mercury is known to be rapid at our reaction tempera- 
ture. The bond dissociation energy for R-Hg*, where R = alkyl. 


Scheme V. 9 (contd.) 


R-Hg* » R* + Hg^ 


C H 

R* + R-Hg- Cl ^ j^HgClj * — > [R^IgCl 


III 


IV 


R* -2EL* R-H 
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is very small, varying from 0-6 kcal/mol. 4 *^ The R* radical 

40,41 

may then add to organomer curie halide I, giving an adduct III , 
which on acceptance of an electron from naphthalene radical 
anion would yield the symmetrical diorganomercurial R-Hg-R 
(step 15), abstract a hydrogen atom from the solvent to produce 
the hydrocarbon R-H (step 16) or dimerize to form R-R (step 17) . 

The reversible formation of the electron deficient species 

r 41, 42 

J^HgClJ * has also been previously proposed in the literature 

to account for the racemization, or in tercon version of organomer- 

curials by alkyl or aryl radicals (Eq. 18) : 

R* + R*HgX ^ [R*R*Hgx] * R* + RHgX . . (18) 

Anion IV formed in step 15, may undergo reversible cleavage of 

43 

the Hg-Cl bond; but it is known not to fragment into organo- 

mercuric chloride I and R - anion by the heterolytic cleavage of 

the R-Hg bond. As cumene donates a hydrogen atom to R’ radical 

with ease, the observed increase in the yields of toluene at the 

expense of dibenzylmercury and bibenzyl in run 6, established 

the formation of these products via the benzyl radical CgH^CH^’ . 

44 

Since the C-H bond strength (79 keal/mol for the benzylic C-H 

bond) is much greater than the Hg-H bond strength 44 (9.5 kcal/mol), 

the hydrogen atom abstraction by R-Hg* radical from cumene to 

yield R-Hg-H is highly unlikely. Thus, the possible formation 

24 

of toluene via fragmentation of C^K^CH^-Hg-H in a solvent cage 
(Eq. 19) is ruled out. 
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C 6 H 5 CH 2 -Hg-H > CgHgCH*, Hg°,H* > C 6 H 5 CH 3 + Hg° 

.. (19) 

Alkyl or aryl anions may be formed from the corresponding 
radicals in the presence of an excess of naphthalene radical 
anion. This is in agreement with the observed increase in the 
yields of monomeric hydrocarbons R-H, in the reactions of organo- 
mercuric chlorides carried out with twice the molar quantities 
of sodium naphthalene (runs 3, 10/ 14 and 16) . 


R + c 10 H 8 ^ R + C 10 H 8 

R - H + from THF or, R 

during work up^ - 

Small amounts of azobenzene and azoxybenzene formed in the 

reactions of p-nitrophenylmer curie chloride Id (runs 15 and 16) 

may arise by the subsequent electron transfer reduction of 

nitrobenzene, formed in these reactions, by sodium naphthalene. 

The essential steps of this mechanism as proposed earlier by 
45 

Holy are outlined in Scheme V. 10: 


SCHEME V. 10 


ArN0„ Na P- - > ArNO ' > ArNO 0 H ArN0„H* 


“ THF, 


N aph ‘ 


0 

1 


Ar-N-N-Ar <~-r— 

i Dime— 


ArNO* 4 


Naph" 


ArNO <6 


-h 2 o 


THF 


ArN0 2 H 2 


O 


THF 
^ OH 


riza- 

tion 


i - H 2° 

Ar_N-N-Ar — > Ar-N=N-Ar 

l 

HO 


1 

0 


Ar-N=N-Ar 
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The diorganomercurials formed in these reactions may also 
be reduced, though more slowly, by a similar electron transfer 
from naphthalene radical anion. Indeed, our initial experiments 
on the reaction of dibenzylmercurv with sodium naphthalene have 
indicated the formation of toluene, bibenzyl and metallic 
mercury. A tentative mechanism proposed for these reactions is 
outlined in Scheme V. 11: 


SCHEME V. 11 


R-Hg— R + C 1Q H 8 T 

^ 

V" 

[R-Kg-Rj 7 + C 10 H 8 

.. (20) 

[R-Hg-R] T 

» 

R-Hg~ + R* 

.. (21) 

R— Hg” 

> 

R~ + Hg° 

.. (22) 

R* 

THF y 

R-H 

... (23) 

R~ 

THF^ 

R-H 

.. (24) 

R* + R* 

» 

R-R 

.. (25) 


The occurrence of an electron transfer free radical mechanism 
has also been demonstrated in the lithium aluminiun hydride reduc- 
tions of ben zylmer curie chloride la, phenylmercuric chloride lb, 
p-tolylmer curie chloride Ic and p-ni trophenylmer curie chloride Id . 
On the addition of lithium aluminium hydride contained in dry THF 
solvent (see Sec. V. 4) at 30* C under dry nitrogen atmosphere with 
magnetic stirring, the reaction commenced with the evolution of 
hydrogen gas and simultaneous separation of metallic mercury. The 
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reaction mixtures in different runs, on work up, gave the results 
summarized in Table V.2. An earlier suggestion, favoring the forma- 
tion of an intermediate organo aluminium compound in the reaction 
of lithium aluminium hydride with phenylmer curie chloride# which 
accounts for the formation# after work up, of benzene is untena- 
ble since the amount of benzene in the reaction mixture, estima- 
ted in run 6 before and after work up, was found to remain 
essentially the same. Furthermore, such a process would not 
explain the formation of diorganomercurials R-Hg-R, and dimeric 
products R-R, obtained in these reactions. The absence of highly 
nucleophilic phenyllithium in the lithium aluminium hydride 

reduction of phenylmer curie chloride has been demonstrated by 
23 

Traylor who found that in the presence of carbon dioxide no 
benzoic acid was formed, though this product should be expected 
by the trapping of the phenyl anion with CO 2 (Eqs. 26 and 27) , if 
such an anionic intermediate was formed in these reactions i 

.. (26) 

.. (27) 

It is evident from the product distribution listed in 

Table V. 2 that symmetrization of the organomer curie chlorides 

predominates over reductive demercuration, but this trend is 

reversed in the presence of cumene (run 5) . These arguments 

28 

coupled with an earlier observation indicating the interme- 
diacy of alkyl radicals in the reductive demercuration of 


C 6 H 5 -Li + + C0 2 


C,H c CO "Li + 
o D 2 


C c H c CO ~Li + 
6 5 2 


H 2° 


4 C 6 H 5 C0 2 H + Li OH 
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TABLE V. 2 i Reactions 3 of Organomercuric Halides I with LiAlH^ 


Run 

Organo- 
mercuric 
halide/ I 
0.005 mol 

LiAlH 
mol 4 

Reac- 

tion 

time/ 

min 

% 

Yield 

Id 

of Products 0 

H 2 C 

ml 

R-Hg- 

-R R-R R-H 

Starting 
materi al 

I 

1 

la 

0.005 

30 

53 

11 

25 


53 

2 

la 

0.0025 

30 

55 

13 

14 

12 

49 

3 

la 

0.00125 

30 

50 

10 

8 

26 

30 

4 

la 

0.00125 

300 

52 

14 

10 

17 

33 

5 d 

la 

0.00125 

30 

8 

2 

39 

48 

36 

6 

lb 

0.005 

30 

58 

2 

32 S 

- 

54 

7 

lb 

0.0025 

30 

60 

2 

26 

11 

48 

8 

lb 

0.00125 

30 

55 

3 

16 

25 

31 

9 

lb 

0.00125 

300 

57 

3 

18 

17 

33 

10 f 

lb 

0.005 

30 

37 

2 

23 

28 

57 

11 

Ic 

0.005 

30 

41 

2 

20 

26 

40 

12 

Ic 

0.00 25 

30 

38 

2 

16 

31 

35 

13 

Ic 

0.00125 

30 

33 

2 

10 

40 

21 

14 g 

Id 

0.0025 

30 

45 

3 

21 

5 

51 

15 g 

Id 

0.00125 

30 

42 

3 

10 

19 

37 


a/ Reactions conducted in THF (60 ml) at 30° C under dry nitrogen? 
Ia = .CgH 5 CH 2 -Hg-Cl, lb = C 6 H 5 -Hg-Cl y Ic = p-H^-CgHj-Hg-Cl, 
Id = p-o|N-C 6 H 4 -Hg-Cl. 

b, Percentage yields based on R-Hg-Cl/ I. An unestimated amount 
of metallic mercury was also obtained. 

C/ Volume of H ? was determined at atmospheric pressure by compa- 
rison with control experiment in the absence of I using same 
batch of reactants and solvent under identical conditions. 

d. In presence of cumene (0.1 mol). 

e. Yield remained essentially unaltered on estimation before and 
after work up of the reaction mixture. 

f. In presence of naphthalene (0.005 mol) . Naphthalene was 
recovered back unchanged after the reaction. 

g. Unestimated amounts of azobenzene and azoxybenzene were also 
obtained. Additional colored product mixture could not 

be analyzed. 
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alkylmercuric halides by lithium aluminium hydride, establish 
that radicals are effective intermediates in the reactions of 
benzylmercuric chloride/ as well as phenylmer curie chloride, 
P-tolylmercuric chloride and p-ni trophenylmer curie chloride, 
with lithium aluminium hydride. 

A conceivable pathway * for the production of radicals 
in these reactions is the nucleophilic attack of the hydride 
anion on the electrophilic mercury of organomercuric chloride I, 
resulting in the intermediate organomercuric hydride R-Hg-H, 
followed by homolysis of the carbon-mercury bond as shown in 
Scheme V. 12: 

SCHEME V. 12 


R— Hg— Cl + AlH^ 

> R- 

■Hg-H + A1H 3 + Cl" 

.. (28) 

R-Hg-H 

» R* 

+ *HgH 

.. (29) 

R* + *HgH 

Cage or . 

R-H + Hg° 

.. (30) 

non- cage ' 


Such a hydride transfer mechanism is untenable in our reactions, 
in view of the observed retardation of the reaction of phenylmer- 
curic chloride with LiAlH^ in the presence of naphthalene. Since 
in a separate control experiment, naphthalene has been shown not 
to react with lithium aluminium hydride, it would not be 
expected to interfere in the reaction pathway elucidated in 
Scheme V. 12. Thus, this pathway for the formation of radicals 
in these reactions is ruled out. Furthermore, the Al-H bond 
energy 44 (68 keal/mol) is considerably higher than the Hg-H 
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44 

bond energy (9.5 kcal/mol) and thus the formation of R-Hg-H 

in Eq. 28 itself is unlikely in view of the endothermicity of 

the overall reaction reflecting unfavorable energetics. Thus, 

homolysis of the Hg-H bond in hypothetical R-Hg-H as a means of 

hydrogen gas evolution is also considered imaginary* Electron 

transfer from lithium aluminium hydride to the organomercuric 

halide I, on the other hand, is quite feasible as the 2-nitro- 

propanate anion which is known to be inferior to lithium 

aluminium hydride as electron donor towards 9-chloromethyl- 

anthracene, 37/ 46 readily transfers an electron to alkylmercuric 
29 

chlorides. Though 2-nitropropanate anion reacts with 9-chlor©' 

methyl anthracene by an S N 2 displacement process 46 outlined in 

Eq. 31, lithium aluminium hydride reduces 9-chloromethylanthra- 

— 37 

cene by the transfer of an electron from the AlH^ anion 
(Eq. 32): 



(31) 


(32) 


In view of the foregoing arguments, we conclude that the 

reactions of organomercuric halides with lithium aluminium 

37 

hydride are triggered off by a fast electron transfer from 
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AIHj to the lowest ABMO of organomercuric halide I, producing 
radical anion II / hydrogen and A1H 3 * as shown in step 33 of the 
Scheme V. 13: 


R-Ha-Cl + A1H 


[R-Hg-Cl] T 
II 


A1H 3 + Cl" 


R-Hg' 


SCHEME V. 13 

> J^R-Hg-ClJ * + ^ H 2 + A1H 3 .. (33) 


II 

R-Hg* + Cl' 


aih 3 ci" 


-> R* + Hg 


R* + R-Hg-Cl — =*• [R HgCl] 


* e” from 


2 
III 


AlH, 


^ [R 2 HgCl] 


IV 


R* + R* 

R* + A1H 4 " 

R-Hg-Cl + AlH T 
I 


R-R 


R-H + A1H, 


[R-Hg-Clj 


+ A1H, 


.. (34) 

.. (35) 

. . (36) 

R 2 Hg + Cl" 
.. (37) 

. . (38) 

. . (39) 

.. (40) 


The radical anion II /formed in step 33 » fragments to yield 
the highly unstable radical R-Hg* and Cl~ ion. * The decomposi- 
tion of the radical R-Hg* to yield the radical R* and metallic 

40 

mercury is known to be rapid at our reaction temperature. The 
R* radical may then add to organomercuric chloride I giving an 
electron deficient adduct III* which on acceptance of an electron 
from A1 h 4 ” would fragment 40, 41 into Cl~ and dioraanomercurial 
R_Hg-R side by side. Radical R* may also dimerize to yield R-R 
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or abstract a hydrogen atom from AlH^” to yield the hydrocarbon 
R-H and AlH^*. Anion IV is not formed by the addition of Cl” 
to R 2 Hg in these reactions due to the removal of Cl” by complexa- 
tion with AIh^ (step 35) . Abstraction of a hydrogen atom by an 

q «^y ry 

alkyl radical or aryl radical from A1H^~ is precedented. ' 

It is evident from the yields of various products obtained in 
these reactions that the abstraction of a hydrogen atom by the 
radical R* to yield the hydrocarbon R-H (step 39) , is a slow 
process as compared to the addition of this radical to the 
organomercuric chloride and subsequent reduction of the adduct 
jR 2 HgClJ * giving the diorganomercurial R-Hg-R. However, as the 
amount of lithium aluminium hydride is increased, step 39 
also becomes significant, resulting in a dramatic increase in 
the yields of monomeric hydrocarbons R-H. The AlH^ - * - generated 
in step 39; effectively competes with AlH^” in electron 
donation to the organomercuric chloride. Generation of and 
electron donation by AlH^" 7 is evident from the fact that the 
volume of hydrogen gas actually evolved in these reactions in 
accordance with step 33 is much less than the amount of organo- 
mercuric chloride consumed. Abstraction of a hydrogen atom by 
the benzyl radical CgH^CH^* from cumene, a good hydrogen atom 
donor to radicals, results in an enhanced yield of toluene in 
run 5 at the expense of dibenzylmercury and bibenzyl. The 
retardation of the reaction in the presence of naphthalene as 
observed in the reaction of phenylmercuric chloride (run 10) is 
rationalized in terms of the equilibrium illustrated in Eq. 41, 



existence of which has been demonstrated in the reactions of 
or ganomer curie chlorides with sodium naphthalene discussed 
earli er: 


§-Hg-Cl| * + C 1Q H 8 - v R-Hg-Cl + C^Hg 7 .. (4l> 

The anion AlH^Cl , formed in step (35) may also donate a 
hydrogen atom to the radical R*, yielding radical anion AlH^Cl* 
(Eq. 42): 

R* + AlHgCl" » R-H + A1 Fx 9 C1 T .. (42) 

The ion AlHgCl” and the radical anion AlH^Cl* can also donate 
electrons to the organomercuric chlorides I, as inferior alterna- 
tives to A1H 4 and A1H 3 *, respectively. Similarly, ions A1H 2 C1 2 ~ , 
AlHClg" and AlCl 4 may also be formed in the medium in succession. 
The first two of these would act as hydrogen atom donors produc- 
ing radical anions, A1HC1 2 * and AlClg", respectively. These ions 
A1H 2 C1 2 , AlHClg , AlCl^ and radical anions AlHCl 2 * and AlCl^* 
may also donate electrons to organomercuric chlorides I. The 
recovery of lesser amounts of unreacted, starting organomercuric 

chlorides, on increasing the reaction time in mans 4 and 9, is in 

37 

conformity with the expected order of effeciency in reactivi- 
ties of alanates end alane radical anions, which is as follows: 

As electron donor: A1H 4 ~> A1H 3 C1”>A1H Cl “> A1HC1 3 '’> A1C1 4 “ 

AlHg 7 >A1H 2 C1 T ^>A1HC1 2 T ^>A1C1 3 t . 

As hydrogen donor: AlH 4 ~J>AlH 3 Cl“ >A1H 2 C1 2 ~ >AJLHC1 3 ”. 
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Small amounts of azoxybenzene and azo benzene obtained in 
the reactions of p-nitrophenylmer curie chloride with lithium 
aluminium hydride, may arise by the partial reduction of nitro- 
benzene by an electron transfer mechanism similar to that 
proposed in Scheme V. 10 earlier. Nitro aromatics are known to 
be reduced to the corresponding azoxyarenes and azoarenes by 
sodium borohydride, ^ alkoxides^® and sodium naphthalene.^ 

The mechanism elucidated in Scheme V. 13 is also consistent 
28 

with the reported reductive demercuration and cyclization of 
5-hexenylmercuric chloride with lithium aluminium hydride. Since 
both AlH^ and BH^~ are fenown^' to transfer hydrogen atoms to 
radicals, the near agreement in deuterium isotope effects 
obtained for the LiAlH^ and NaBH^ reductions of this mercurial 
may be accounted for, without invoking the hydrogen atom transfer 
from the hypothetical alkylmercuric hydride (R-Hg-H) . 

The diorganomercurials formed in these reactions of organo- 
mer curie halides with lithium aluminium hydride, may be reduced 
further by an electron transfer process, though more slowly than 
the or ganomer curie halide T. Indeed, it has been observed by us 
that the reaction of dibenzylmercury with an equimolar amount 
of lithium aluminium hydride yields toluene, bibenzyl, metallic 
mercury and hydrogen gas and that only the first hydrogen in 
lithium aluminium hydride is involved in the reaction. The 
tentative mechanism proposed by us for these reductions is out- 
lined in Scheme V. 14: 



246 


SCHEME V. 14 


R-Hg-R + A1H 4 
J^R-Hg-R 
R-Hg 
R" + A1H 3 

or R - 
R* + R* 


R-Hg-Rj * + A1H 3 + h 


R-Hg“ + R* 


-> R + Hg 


(43) 

. (44) 

. (45) 


-> A1H 3 R 


H 


during 
work up 


> R-H 


H from THF 


or on work up 


R-H 


R-R 


.. (46) 


. . (47) 


R* + A1H, 


R-Hg-R + AlH 3 


R-H + AlH. 


R-Hg-Rj 


3 

+ AlH. 


.. (48) 

.. (49) 


Further work is required to establish the role of A1H 3 R 
as a possible electron donating species in this reduction. 

V. 4 Experimental 

All melting points were determined on a MEL- TEMP melting 
point apparatus. IR spectra were recorded on Perkin- Elmer model- 
580 spectrophotometer. The GLC analyses were carried out on a 
Chromatography and Instruments Company Model AC1-FI instrument 
using 10% SE-30 on Crom-P (85-100 M) column of 2 m length, column 
chromatography was done using activated silica-gel (Acme's 100- 
200 M) . Silica-gel (asc-India) was used for TLC analyses. 
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and fluorene (Fluka) were used after recrystallization. 

Preparation of sodium naphthalene 60 

A perfectly dry 3 neck 100 ml RB flask was mounted over a 
magnetic stirring base, fitted with a condenser, a gas passing 
adaptor, and a stopper. Naphthalene (0.64 g? 5 x 10~ 3 mol or 
1.28 g? 0.01 mol) dissolved in dry THF (30 ml) was placed in the 
flask. The contents of the flask were maintained at 30 °C (room 
temperature) . Pure, dry nitrogen gas was bubbled through the 
solution with continuous stirring. Sodium metal (0.17 g; 0.0075 g- 
atom or 0.35 g; ca. 0.015 g-atom) cut into small pieces 

was added to the solution. The mixture was stirred rapidly in 
the beginning and slowly after the reaction commenced. The 
progress of the reaction was measured from time to time by removal 
of a small sample of solution from the reaction mixture and deter- 
mination of its sodium naphthalene content after dilution with 
alcohol, by titration with standard hydrochloric acid using 
methyl red as indicator. The formation of sodium naphthalene 
(green colored solution) was complete in 1% hr for the lower 
quantity and in 3 hr for the higher quantity. Solution of sodium 
naphthalene was thus prepared freshly for every reaction. 

1. Reactions of ben zylmer curie chloride with sodium naphthalene 
at room temperature (30°C) , under nitrogen atmosphere 

(a) Reaction with equimolar amounts of benzvlmercuric chloride 
and sodium naphthalene, reaction time - 30 min . 

A solution of ben zylmer curie chloride (1.633 g? 5 xlO mol), 
in 30 ml dry THF was placed in a 3-neck 250 ml RB flask, provided 
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with a gas inlet tube/ a pressure equalizing dropping funnel and 
a condenser connected to a mercury trap. The contents of the 
flask were flushed with dry nitrogen gas for 30 min under magnetic 
stirring. Sodium naphthalene (5 x 10*" mol) prepared as above 
was added through the dropping funnel slowly, with continuous 
stirrihg. The solution turned greenish-grey in color, due to 
the precipitation of finely divided metallic mercury. The 
reaction was allowed to proceed upto a period of 30 min and the 
reaction mixture then added to a 1% solution of hydrochloric 
acid (200 ml) . This solution was passed through a one inch 
column of celite to remove the precipitated mercury. Celite 
column was washed with further 100 ml of 1% hydrochloric acid 
and then with ether. The original solution together with the 
washings was then extracted with five 50 ml portions of ether. 

The ethereal extract was washed with water, dried over anhydrous 
MgSO^, filtered and concentrated carefully at room temperature 
under reduced pressure. The volume of the concentrated ethereal 
extract was made up to 50 ml and this mixture of products was 
analyzed by GLC using a 10% SE-30 on Crom-P (85-100 M) column of 
2 m length. The products were identified by comparison of their 
retention times with those of the authentic samples and their 
yields determined by comparison of the peak areas with those from 
equal aliquots of standard solutions of authentic samples in 
ether. The yields of various products identified were: toluene 
(2%) and naphthalene (85%) . The reaction mixture was then 
chromatographed over a column of silica gel (100-200 M) . Elution 
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of the column with petroleum ether (b.p. 60-80°C) yielded a 

mixture of bibenzyl and naphthalene. This mixture was dissolved 

in ether (50 ml) and analyzed by GLC as described above. The 

yields of the two products estimated were: naphthalene (85%) and 

bibenzyl (9%) . Elution of the column with a mixture of 

petroleum ether (b.p. 60-80°c) and benzene in the ratio 3: 1, 

54 

yielded dibenzylmercury (0.2 g; ca. 21%); m.p. 110°C; lit. 
m.p. ♦11°C. Further elution of the column with a mixture of 
petroleum ether (b.p. 60-80°C) and benzene in the ratio 1:1, 
yielded the unreacted ben zylmer curie chloride (1.126 g; ca. 69%); 
m.p. 103°C; lit. 50 m.p. 104°C. The compounds were characterized 
by mixed melting point technigue and comparison of their IR 
spectra with those of the authentic samples. 

(b) Reaction with equimolar amounts of benzylmercuric chloride 
and sodium naphthalene; reaction time — 360 min 

— 3 

To a solution of ben zylmer curie chloride (1.633 g; 5 xlO 
mol) in 30 ml of dry THF under nitrogen atmosphere was added 
sodium naphthalene (5 x 10 mol) prepared in 30 ml of THF and 
the reaction allowed to proceed for 360 min. The mixture was 
worked up as described for the reaction l(a). GLC analysis and 
separation of the mixture of products on silica gel column, as 
described for the previous reaction, yielded toluene (3%), 
naphthalene (89%), bibenzyl (12%), dibenzylmercury (0 . 229 g; 
ca. 24%) and unreacted benzylmercuric chloride (1.012 g; ca. 62%) . 
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(c) Reaction of benzylmercuric chloride with sodium naphthalene 
in molar ratio - 1: 2; reaction time - 30 min 

— 3 

To a solution of ben zylmer curie chloride (1.633 g; 5 xlO 
mol) in dry THF (30 ml) , kept at room temperature under nitrogen 
atmosphere/ was added sodium naphthalene (0.01 mol) prepared in 
30 ml of THF. Reaction mixture was worked up in the usual manner 
after 30 min. Metallic mercury was removed by filtration through 
celite and the resulting reaction mixture extracted with ether 
(5 x50 ml) . The ethereal extract was wsshed with water, dried, 
filtered and concentrated in the usual manner. GLC analysis and 
separation of product mixture on silica gel (100-200 M) column, 
yielded toluene (30%), naphthalene (90%), bibenzyl (16%), and 
di ben zylmer cury (0.439 g; ca. 46%) . Not even a trace of the 
starting benzylmercuric halide was detected. The yield of naph- 
thalene is based on sodium naphthalene used. 

(d) Reaction with equimolar amount of benzylmercuric chloride 
and sodium naphthalene, in presence of one mole equivalent 
of naphthalene; reaction time - 30 min . 

In a 3-neck RB flask mounted over a magnetic stirring base 
was placed benzylmercuric chloride (1.633 g; 5 xlO mol) and 
naphthalene (0.64 g; 5 x 10 3 mol) in dry . THF (30 ml). The 
system was flushed with dry nitrogen and sodium naphthalene 
(5 x 10’ 3 mol) prepared in 30 ml of THF was added through a 
pressure equalizing dropping funnel. The reaction was worked 
up after 30 min as described for the reaction l(a). GLC 
analysis and column chromatography of the reaction mixture 
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in the usual manner, yielded, toluene ( 2 %), naphthalene (92%/ 
based on the total of the amounts added as sodium naphthalene 
and naphthalene), bibenzyl (5%), dibenzylmercury (0*124 g? 
ca. 13%) and unreacted ben zylmer curie chloride (1.273 g; ca. 78%). 

(e) Reaction of ben zylmer curie chloride with sodium naphthalene 
in molar ratio - 1 : 2 , in presence of naphthalene (one, mole 
egui valent of ben zylmer curie chloride) ; reaction time - 30 min 

In a 3-neck 250 ml RB flask, ben zylmer curie chloride 
(1.633 g 7 5 x 10 mol) and naphthalene (0.64 g; 5 x 10 mol) in 

dry THF (30 ml) were placed. The flask was maintained at room 
temperature (30°c) and the contents flushed with nitrogen. Sodium 
naphthalene (0.01 mol) contained in 30 ml of THF was then added 
through a pressure equalizing dropping funnel. The reaction was 
worked up after 30 min as described for the reaction l(a) . GLC 
analysis and column chromatography of the reaction mixture, as 
described in the previous experiments, yielded toluene (26%) , 
naphthalene (90% ; based on the total amount added in the form 
of sodium naphthalene and as naphthalene), bibenzyl (13%), 
dibenzylmercury (0.392 g? ca. 41%) and unreacted ben zylmer curie 
chloride (0.196 g; ca. 12%). 

(f) Reaction of ben zylmer curie chloride with sodium naphthalene 
in molar ratio - 1 : 2 , in presence of cumene; reaction time - 
30 min 

A solution of ben zylmer curie chloride (1.633 g; 5 xlO” mol) 
and cumene (12 g; 0.1 mol) in dry THF (30 ml) was placed in a 
3-neck RB flask, mounted over a magnetic stirring base and 
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maintained at 30° C. The contents of the flask were flushed with 
dry nitrogen for 30 min and sodium naphthalene (0. 01 mol) added 
through a pressure equalizing dropping funnel. The reaction 
mixture was worked up as usual after 30 min. On GLC analysis 
and separation of the products by column chromatography, the 
distribution of products were found to be: toluene (46%) , naph- 
thalene (87%), bibenzyl (3%), dibenzylmercury (0.057 g; ca. 6%) 
and ben zylmer curie chloride (0.506 g; ca. 31%), besides an 
un estimated amount of cumene. 

(g) Reaction with equimolar amounts of ben zylmer curie chloride 
and sodium naphthalene, in presence of MgBr 2 and subsequent 
treatment with benzophenone 

(i) Preparation of MgBr 2 : Magnesium (0.24 g; 0.01 g-atom) and 
THF (10 ml) were taken in a 3-neck flask equipped with a magnetic 
stirring device, a gas passing adapter, a condenser, and a 
pressure equalizing dropping funnel. The contents of the flask 
were kept under dry nitrogen atmosphere and 1, 2-dibromoethane 
(1.88 g; 0.01 mol) in 20 ml of dry THF slowly added through the 
dropping funnel. After completing the addition, stirring was 
continued for 1 hr during which period MgBr 2 was formed. 

(ii) Reaction of ben zylmer curie chloride and sodium naphthalene 
in presence of MqBr 2 and subsequent treatment with benzophenone: 

A solution of benzylmercuric chloride (1.633 g; 5 x 10 ” 3 mol) in 
20 ml of THF was added to the flask containing MgBr^, through 
the dropping funnel. Dry nitrogen gas was passed through this 
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mixture for 30 min. Sodium naphthalene (0.005 mol) contained 
in 30 ml of dry THF was added slowly to this reaction mixture 
and the contents of the flask stirred for 30 rain, after which 
a solution of benzophenone (1.8 g; 0.01 mol) in 20 ml THF w r as 
added. The contents of the flask were stirred for 4 hr at room 
temperature. The mixture was then poured into 1% hydrochloric 
acid (200 ml) and worked up as usual. TLC analysis of the 
reaction mixture did not give any spot for benzyl diphenyl car binol 
as established by comparison with an authentic sample. GLC 
analysis and column chromatography of the reaction mixture as 
usual, yielded toluene (2%), naphthalene (89%), bibenzyl (8%), 
benzophenone (1.78 g; ca. 99%), dibenzylmercury (0.19 g; ca. 20%) 
and ben zylmer curie chloride (1.094 g? ca. 67%) . 

2. Reactions of phenylmercuric chloride with sodium naphthalene 
at room temperature (30°C) under nitrogen atmosphere 

(a) Reaction with equimolar amounts of phenylmercuric chloride 
and sodium naphthalene; reaction time - 30 min 

A solution of phenylmercuric chloride (l.563g; 5 xl0~ mol) 
in 30 ml of dry THF was placed in a 3-neck 250 ml RB flask. The 
contents of the flask were flushed with nitrogen for 30 min 
under magnetic stirring. Sodium naphthalene (5 xlO mol) 
contained in 30 ml of THF was added through a pressure equaliz- 
ing dropping funnel slowly, with continuous stirring. The reac- 
tion mixture was worked up after 30 min, as usual. GLC analysis 
of the reaction mixture using a 10% SE-30 on Crom-P (85-100 M) 
column of 2m length by the calibration method as described 
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for the reaction l(a), yielded, benzene (12%), and naphthalene 
(88%). The reaction mixture was charged over a silica gel (100-200M) 
column. Elution with petroleum ether (b.p. 60-80°C) yielded a 
mixture of naphthalene and biphenyl, which on GLC analysis, 
yielded naphthalene (88%) and biphenyl (3%) . Elution of the 
column with a mixture of petroleum ether (b.p. 60-80°C) and 
benzene in the ratio 3:1, yielded diphenylmercury (0.283 g; 
ca. 32%),* m.p. 124°C; lit.^ 5 m.p. 125°C. Further elution of 
the column with a mixture of petroleum ether and benzene in the 
ratio 1:1, yielded the unreacted phenylmercuric chloride (0 . 797 g; 
ca. 51%); m.p. 256°C; lit. 258°C. The compounds were charac- 
terized by the mixed melting point technique, GLC and comparison 
of their IR spectra with those of the authentic samples. 

(b) Reaction with equimolar amounts of phenylmercuric chloride 
and sodium naphthalene; reaction time - 360 min 

— 3 

To a solution of phenylmercuric chloride (1.563 g; 5 x 10 
mol) in 30 ml of dry THE under nitrogen atmosphere was added 
sodium naphthalene (5 x 10 mol) prepared in 30 ml of THF and 
the reaction allowed to proceed for 360 min. The reaction was 
worked up as usual, by adding it to 1% hydrochloric acid. After 
filtration through celite, to remove precipitated mercury, the 
reaction mixture was extracted with ether (5 x50 ml). The 
ethereal extract was washed with water, dried, filtered, aid 
concentrated. GLC analysis and separation of the product 
mixture on a silica gel column yielded benzene (14%), 
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naphthalene ( 93 %), biphenyl (3%), diphenylmercury (0.319 g; 

ca. 36%) and unreacted phenylmercuric chloride (0.703 g; ca. 45%). 

(c) Reaction of phenylmercuric chloride with sodium naphthalene 
in molar ratio - 1; 2; reaction time - 30 min 

Sodium naphthalene (0.01 mol) prepared in 30 ml of THF was 
added to a solution of phenylmercuric chloride (1.563 g; 5 xl0~^ 
mol) in dry THF (30 ml) under nitrogen atmosphere at room tempe- 
rature. The reaction mixture was worked up after 30 min* in the 
usual manner. Analysis of the mixture of products by GLC and 
separation by chromatography on a silica-gel column* yielded 
benzene (38%)* naphthalene (92%), biphenyl (2%) and diphenyl- 
mercury (0.469 g; ca. 5 3%). Not even a trace of unreacted 
phenylmercuric chloride was obtained. The yield of naphthalene 
is based on sodium naphthalene. 

(d) Reaction with equimolar amounts of phenylmercuric chloride 
and sodium naphthalene, in presence of MgBr 2 * to detect the 
possible formation of phenylanions 

(i) Preparation of MgBr 2 : MgBr 2 was prepared from magnesium 

(0.24 g; 0.01 g-atom) and 1* 2-dibromoethane (1.88 g; 0.01 mol) 
in 30 ml of THF as described in the reaction 1 (g) . 

(ii) Reaction of phenylmercuric chloride and sodium naphthalene 

in presence of MgBr 2 and subsequent treatment with benzophenone: 

~ 1 ■ " _ 0 rr . 

A solution of phenylmercuric chloride (1.563 g; 5 xlO mol) in 
20 ml of THF was added to the flask containing MgBr 2 prepared 
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in the previous experiment- Dry nitrogen gas was passed through 
this mixture for 30 min. Sodium naphthalene (5 xlO” 3 mol) 
contained in 30 ml of dry THF was added slowly to this reaction 
mixture and the contents of the flask stirred for 30 min, after 
which a solution of benzophenone (l.8 g; 0.01 mol) in 20 ml of 
THF was added- The contents of the flask were stirred for 4 hr - 
at room temperature. The mixture was then poured into 1% hydro- 
chloric acid (200 ml) and worked up as usual- TLC analysis of 
the reaction mixture did not show the presence of triphenyl- 
car binol, as established by comparison with an authentic sample. 
GLC analysis and column chromatography of the reaction mixture 
in the usual manner, yielded benzene (10%), naphthalene (90%), 
biphenyl (3%), diphenylmercury (0.274 g; ca. 31%) unreacted 
phenylmer curie chloride (0.828 g; ca. 53%), and benzophenone 
(1.77 g; ca. 98%) . 

(e) Reaction with equimolar amounts of phenylmer curie chloride 
and sodium naphthalene, in presence of one mole equivalent of 
naphthalene; reaction time - 30 min 

In a 3-neck 250 ml RB flask, mounted over a magnetic stirr- 

— 3 

ing base, was placed phenylmer curie chloride (1.563 g? 5 x 10 
mol) and naphthalene (0.64 g; 5 x 10 mol) dissolved in 30 ml 
of dry THF. Hie reaction system was flushed with dry nitrogen 
and then, sodium naphthalene (5 x 10 mol) prepared in 30 ml 
of THF was added through a pressure equalizing dropping funnel. 
Hie reaction mixture was worked up after 30 min, in the usual 
manner. GLC analysis and column chromatography of the reaction 
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mixture as described in the reaction 2 (a) , yielded benzene (8%), 
naphthalene (90%/ based on total amount added in the form of 
sodium naphthalene and as naphthalene), biphenyl (2%), diphenyl- 
mercury (0.212 g; ca. 24%) and unreacted phenylmer curie chloride 
(0.938 g; ca. 60%). 

3. Reactions of p-tolylmercuric chloride with sodium naphthalene 
at room temperature (30°C) under nitrogen atmosphere 

(a) Reaction with equimolar amounts of p- to lymer curie chloride 
and sodium naphthalene; reaction time - 30 min 

-3 

A solution of p-tolylmercuric chloride (1.633 g; 5x10 

_ 0 - 

mol) in 30 ml of dry THF was placed in a 3-neck 250 ml RB flask. 
The contents of the flask were flushed with nitrogen for 30 min, 
under magnetic stirring. Sodium naphthalene (5 xlO mol) in 
30 ml of THF was added slowly, through a pressure equalizing 
dropping funnel, with continuous stirring. The reaction mixture 
was worked up after 30 min in the usual manner. GLC analysis of 
the reaction mixture., yielded toluene (6%) and naphthalene (85%) . 
The reaction mixture was chromatographed over a silica-gel (100- 
200 M) column. Elution with petroleum-ether (b.p. 60-80°C) 
yielded a mixture of naphthalene and 4, 4 1 -dimethyl diphenyl. GLC 
analysis of this mixture by the calibration method yielded 
naphthalene (85%) and 4, 4 ‘-dimethyl diphenyl (2%). Elution of 
the column with a mixture of petroleum ether (b.p. 60-80° C) and 
benzene in the ratio 3:1 yielded di-p-tolylmercury (0.22 g? 
ca. 23%); m.p. 235°C; lit. 55 m.p. 236°C. Further elution of 
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the column with petroleum ether and benzene mixture (ltl) yielded 

the unreacted p-tolylmer curie chloride (1.143 g; ca. 70%)) 

52 

m.p. 238°C; lit. m.p. 238-239°C. The compounds were charac- 
terized by the mixed melting point technique, GLC and comparison 
of their IR spectra with those of the authentic samples. 

(k) Reaction of p-tolylmer curie chloride with sodium naphthalene 
in molar ratio - 1: 2y reaction time - 30 min 

To e solution of p-tolylmer curie chloride (1.633 g; 

5 x 10 ^ mol) in dry THF (30 ml), kept at room temperature (30° C) 
under nitrogen atmosphere, was added a solution of sodium naph- 
thalene (0.01 mol) in 30 ml of THF. The reaction mixture was 
worked up as usual after 30 min. GLC analysis and separation of 
the mixture of products by column chromatography as described 
for the reaction 3(a) yielded toluene (36%), naphthalene (91%), 

4, 4' -dimethyl diphenyl (2?4) , di-p-tolylmercury (0.43 g; ca. 45%) 
and unreacted p-tolylmer curie chloride (0. 196 g; ca. 12%) . 

4. Reactions of p-nitrophenylmercuric chloride with sodium 
naphthalene at room temperature (30°C) under nitrogen 
atmosphere 

(a) Reaction with equimolar amounts of p-nitrophenylmercuric 
chlo ride and sodium naphthalene, reaction time - 30 min 

In a 3-neck 250 ml RB flask, mounted over a magnetic 

stirring base, a solution of p-nitrophenylmercuric chloride 

(1.788 g; 5 x 10”^ mol) in 30 ml of dry THF f was placed. The 

contents of the flask were flushed with dry nitrogen for 30 min. 
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Sodium naphthalene (5 xlO ^ mol) contained in 30 ml of dry THF 

was added to the above solution/ through a pressure equalizing 

dropping funnel, slowly with continuous stirring. The reaction 

mixture was worked up after 30 min in the usual manner. GLC 

analysis of the mixture of products using a 10% SE-30 on Crom-P 

(85-100 M) column of 2 m length, by the calibration method, 

yielded, nitrobenzene (3%), naphthalene (90%) and 4, 4'-dinitrodi 

phenyl (2%) . The reaction mixture was chromatographed on a 

silica-gel (100-200 M) column. Elution of the column with 

petroleum ether (b.p. 60-80° C) yielded naphthalene (0.576 g; 

ca. 90%) . Further elution of the column with the same solvent 

gave traces of azobenzene and azoxybenzene, identified by compa- 

rision on TLC with authentic samples. Elution of the column 

with a mixture of petroleum ether (b.p. 60-80°C) and benzene in 

the ratio 3: 1, yielded nitrobenzene in small amounts. Further 

elution of the column with benzene yielded 4, 4‘-dinitrodiphenyl 

(0.012 g; ca. 2%). Elution of the column with a mixture of 

chloroform and ethyl acetate in the ratio (9: l) yielded the tin- 

reacted p-nitrophenylmercuric chloride (0.626 g; ca. 35%); 

52 

m.p. 263°C; lit. imp. 265°C. Further elution of the column 
with a mixture of chloroform and ethylacetate in the ratio It 1, 
yielded di-p-nitrophenylmercury (0.35 g; ca. 33%); m.p. 317®C; 
lit. m.p. 320° C. Elution of the column with ethylacetate 
yielded a colored pasty material which could not be analyzed. 

The compounds were characterized by the mixed melting point 
technique, GLC, and comparison of their IR spectra with those of 
the authentic samples. 
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(t>) Reaction of p-nltrophenylmercuric chloride with sodium naph - 
thalene in molar ratio - 1: 2/ reaction time - 30 min 

To a solution of p-nitrophenylmercuric chloride (1.788 g; 

5 x 10 mol) in dry THF (30 ml), kept at room temperature (30°C) 
under nitrogen atmosphere, was added sodium naphthalene (0.01 mol) 
contained in 30 ml of THF. Reaction mixture was worked up after 
30 min in the usual manner. GLC analysis and separation of the 
product mixture on silica-gel column, as described in the 
previous experiment, yielded nitrobenzene (29%), naphthalene 
(0.538 g? ca. 84%), 4, 4* -dinitrodi phenyl (0.012 g; ca. 2%), 
di-p-nitrophenylmercury (0.329 g; ca. 31%) and traces of azo- 
benzene and azoxybenzene. Not even a trace of the starting 
material could be detected. Additional colored materials could 
not be analyzed. 

5 . Reaction of phenyl mercuric chloride with fluorenyl lithium 
in equimolar amounts at room temperature under nitrogen 
atmosphere 

53 

(i) Preparation of fluorenyllithium ; In a 3-neck RB flask, 
provided with a gas inlet tube, a condenser connected to a 
mercury trap and a pressure equalizing dropping funnel, was 
placed a suspension of finely cut lithium wire (0.2 g; 0.029 g- 
atom) in 10 ml of dry THF. The contents of the flask were flush- 
ed with dry nitrogen for 30 min under magnetic stirring. A solu- 
tion of fluorene (0.83 g? 5 xlO -3 mol) in 20 ml of dry THF was 
added through the dropping funnel in 1.5 hr, with continuous 
stirring. The reaction mixture was periodically cooled by a 
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water-bath during the addition. The color of the mixture changed 
from green to orange. After the addition was complete, the 
mixture was stirred for a further period of 50 minutes and 
filtered through a glass wool plug. 

(ii) Reaction with equimolar amount of phenylmercuric chloride / 
reaction time - 30 min i To a solution of phenylmer curie chloride 
(1.563 g; 5 x 10 mol) in dry THF (30 ml), kept at room tempe- 
rature under nitrogen atmosphere, was added fluorenyllithium 
(5 x 10 mol) contained in 30 ml of THF as prepared above. The 
reaction mixture was worked up in the usual manner after 30 min. 
GLC analysis of the product mixture, by the calibration method, 
yielded fluorene (81%), 9-phenyl fluorene (4%), and bifluorenyl 
(10%) , besides a trace of benzene. TLC analysis showed the 
presence of phenyl fluorenyl mercury in a trace amount, identi- 
fied by comparison of its R^ value with that of an authentic 
sample. Column chromatography of the reaction mixture, yielded 
di phenylmer cury (0.08 g; ca. 9%) and unre acted phenylmercuric 
chloride (1.297 g; ca. 83%), besides a trace amount of bifluore- 
nylidene. The compounds were characterized by GLC, TLC, compara- 
rison of their IR spectra with those of the authentic samples, 
and by mixed melting point technique. 

6. Reactions of benzylmer curie chloride with lithium aluminium 
hydride (LAH) at room temperature (30°C) under initial 
nitrogen atmosphere 
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(a) Reaction with equimolar amounts of ben zvlrrter curie chloride 
and LAH; reaction time - 30 min 

In a 3-neck 250 ml RB flask mounted over a magnetic stirr- 
ing base, with a magnet inside, and connected to a nitrogen gas 
cylinder through a purifier, to a gas collector through a 

mercury trap and to a pressure equalizing dropping funnel, was 

_ 3 

placed a solution of ben zylmercuri c chloride (1.633 g; 5 x 10 
mol) in dry THF (30 ml) . The solution was purged with nitrogen 
gas with continuous stirring. Lithium aluminium hydride (0.19 g; 

5 x 10 mol) contained in dry THF (30 ml) was added through the 
dropping funnel. Hydrogen gas (53 ml as at NTP, after account- 
ing for the gas evolved in a control experiment under identical 
reaction conditions) was evolved. The reaction mixture turned 
greenish-grey due to the precipitation of mercury in finely 
divided form. The reaction mixture was worked up, after 30 min, 
by the addition of distilled water (50 ml ) , followed by the addi- 
tion of 2% hydrochloric acid (50 ml) . The precipitated mercury 
was removed by the filtration of this reaction mixture through 
celite. The reaction mixture was extracted with five 50 ml 
portions of diethylether. The combined ethereal extracts were 
washed with water, dried over anhydrous MgS0 4 , filtered and 
concentrated carefully at room temperature under reduced pressure, 
to a volume of 50 ml. The crude mixture was then analyzed by GLC 
using a 10% SE-30 on Cronv-.p (85-100 M) column of 2 m length, and 
the products identified by comparison of their retention times 
with those for the authentic samples. The product yields were 
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obtained by a comparison of the peak areas with those for the 
authentic samples. Toluene (25%) was identified to have formed* 

by this method. The reaction mixture was chromatographed over acti- 
vated silica-gel (100-200 M) column. Elution with petroleum^-ether 

(b.p. 60-S0°C) yielded bibenzyl (0.05 g; ca. 11%); m.p. 52®C; 
lit. m.p. 52.5°C. Further elution of the column with a mixture 
of petroleum- ether (b.p. 60-80°C) and benzene in the ratio 3:1, 
yielded dibenzylmercury (0.506 g; 53%), m.p. llO^C; lit. 54 
m.p. 111°C. Not even a trace of the starting ben zylmer curie 
chloride was detected. The compounds were characterized by the 
mixed melting point technique, GLC and comparison of their IR 
spectra with those of the authentic samples. 

(b) Reaction of ben zylmer curie chloride with LAH in molar ratio - 
2; 1; reaction time - 30 min 

Addition of LAH (0.1 g; 0.00 25 mol) contained in 30 ml of 
dry THF to a solution of ben zylmer curie chloride (1.633 g; 

5 x 10" 3 mol) in 30 ml of dry THF kept at room temperature (30°C) 
under nitrogen atmosphere, resulted in the evolution of 49 ml 
(as at NTP) of hydrogen gas. The reaction was worked up after 
30 min in the usual manner. GLC analysis and separation of the 
product mixture by column chromatography as detailed in the 
reaction 6(a), yielded toluene (14%), bibenzyl * (0.059 g; ca. 13%), 
dibenzylmercury (0.525 g ; ca. 55%) and benzylmercuric chloride 
(0.196 g; ca. 12%). 
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( c ) Reaction of benzyl mercuric chloride with LAH in molar ratio - 
4; 1; reaction time - 30 min 

The above reaction was repeated using LAH (0.05 g; 0.00125 
mol) and ben zylmer curie chloride (1.633 g; 5 x 10” mol) in a 
total of 60 ml of dry THF. Hydrogen gas (30 ml as at NTP) was 
evolved. The product distribution was determined to be; toluene 
(8%), bibenzyl (0.046 g; ca. 10%), diben zylmer cury (0.478 g; 
ca. 50%) and benzylmercuric chloride (0.424 g; ca. 26%) . 

(d) Reaction of benzylmercuric chloride with LAH in molar ratio - 
4: 1; reaction time - 300 min 

LAH (0.05 g; 0.00125 mol) contained in 30 ml of THF was 
added to a solution of benzylmercuric chloride (1.633 g; 0.005mol) 
in dry THF (30 ml) kept at room temperature, under nitrogen 
atmosphere. Reacti on t which commenced immediately, was allowed 
to proceed for 300 min. Hydrogen gas (33 ml as at NTP) was 
evolved. Mixture was worked up in the usual manner and the 
products obtained on GLC analysis arid separation by column 
chromatography were; toluene (10%), bibenzyl (0.064 g; ca. 14%), 
dibenzylmercury (0.497 g; ca. 5 2%) and unreacted benzylmercuric 
chloride (0.278 g; ca. 17%). 

(e) Reaction i of benzylmercuric chloride with LAH in molar ratio - 
4: 1; in presence of cumene; reaction time - 30 min 

In a 3-neck flask mounted over a magnetic stirring base was 
placed benzylmercuric chloride (1.633 g? 5x10“ mol) and cumene 
(12 g j 0.1 mol) dissolved in dry THF (30 ml). The system - 
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was flushed with dry nitrogen and LAH (0.05 g; 0.00125 mol) 
contained in 30 ml of dry THF was added to the flask. Hydrogen 
gas (36 ml as at NTP) was evolved. The reaction was worked up 
in the usual manner. GLC analysis and separation of the products 
by column chromatography, yielded; to luene (39%), bibenzyl (2%), 
dibenzylmercury (0.076 g; ca. 8%) unreacted ben zylmer curie 
chloride (0.784 g; ca. 48%) and an unestimated amount of cumene. 

7 . Reactions of phenylmer curie chloride and lithium aluminium 
hydride (LAH) at room temperature (30°C) under nitrogen 
atmosphere 

(a) Reaction of phenylmer curie chloride with LAH in molar ratio - 
1:1; reaction time - 30 min 

— 3 

To a solution of phenylmer curie chloride (1.563 g; 5 x 10 
mol) in dry THF (30 ml), kept at room temperature under nitrogen 
atmosphere, was added LAH (0.19 g; 5 xlO mol) contained in dry 
THF (30 ml). Hydrogen gas (5 4 ml as at NTP, after accounting for 
the gas evolved in a control experiment under similar conditions) 
was evolved. Reaction was allowed to proceed for 30 min, and 
then analyzed by GLC, before work up, when benzene (32%) was 
estimated. The reaction mixture was then worked up by the addi- 
tion of water followed by dil. HCl. After filtration through 
celite, the reaction mixture was extracted with diethyl ether 
(5 x50 ml) . The ethereal extract was washed with water, dried 
(anhydrous MgSO^) , filtered and concentrated to a volume of 50 ml. 
GLC analysis using a 10% SE-30 on Crom-P (85-100 M) column of 
2 m length, by the calibration method, yielded benzene (32%) 
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and biphenyl (2%) . Complete removal of the solvent gave a crude 

^xture* which on column chromatography over activated silica— gel 

column using petroleum-ether (b.p. 60— 80°C) and benzene in the 

ratio 3:1 (v/v) as eluant gave diphenylmercury (0.5 13 g; ca. 58%); 

5 5 

m.p. 124° C: lit. m.p. 125° C. Not even a trace of unreacted 
phenynmer curie chloride was detected. Diphenylmercury/ was 
characterized by the mixed melting point technique and comparison 
of its IR spectrum with that of an authentic sample. 

(b) Reaction of phenylmercuric chloride with LAH in molar ratio- 
2: 1; reaction time - 30 min 

Reaction was carried out by adding LAH (0.1 g; 0.0025 mol) 
contained in dry THF (30 ml) to a solution of phenylmercuric 
chloride (1.563 g; 5 xlO -3 mol) in dry THF (30 ml) under nitrogen 
atmosphere. The reaction proceeded with the evolution of 
hydrogen gas (48 ml as at NTP) and the mixture was worked up 
after 30 min in the usual manner. GLC analysis and separation 
of the product mixture by column chromatography/ in the manner 
discribed for the reaction 7(a) , yielded benzene (26%), biphenyl 
(2%), diben zylmercury (0.573 g; 60%) and unreacted phenylmercuric 
chloride (0.172 g? ca. 11%); m.p. 257°C; lit. 51 m.p. 258°C. The 
compounds were identified by GLC, mixed melting point; technique 
and comparison of their IR spectra with those of the authentic 
samples. 

(c) Reaction of phenylmercuric chloride with LAH in molar ratio - 
4: 1; reaction time - 30 min 

LAH (0.05 g; 0.00125 mol) contained in 30 ml of dry THF was 

_ 3 

added to a solution of phenylmercuric chloride (1.563 g; 5x10 mol) 




268 


in 30 ml of THF, under nitrogen atmosphere. Hydrogen gas (31 ml 
as at NTP) was evolved. The reaction mixture was worked up 
after 30 min in the usual manner. GLC analysis by calibration 
method and separation of the products using silica— gel column 
gave: benzene (16%), biphenyl (3%) , diphenylmercury (0.525 g; 
ca. 55%) and unreacted phenylmercuri c chloride (0.391 g; ca. 25%). 

(d) Reaction of phenylmercuri c chloride with LAH in molar ratio - 
4:1; reaction time - 300 min 

Reduction was carried out by the addition of LAH (0.05 g; 
0.00125 mol) contained in dry THF (30 ml) to a solution of phenyl- 
mercuric chloride (1.563 g? 0.005 mol) in 30 ml of THF, under 
nitrogen atmosphere. Reaction was allowed to proceed for 300 min 
when 33 ml (as at NTP5 of hydrogen gas evolved. The reaction 
mixture was worked up by addition of distilled water followed by 
acidified water. The products were extracted with ether and the 
ethereal extract washed, dried, filtered and concentrated to give 
a mixture, which was analyzed by GLC and separated by means of 
column chromatography in the manner described for the reaction 
7 (a) . The products obtained were: benzene (18%) , biphenyl (3%) , 
diphenylmercury (0.544 g; ca. 57%) and phenylmercuri c chloride 
(0.266 g,* ca. 17%). 

(e) Reaction of phenylmercuri c chloride with LAH in molar ratio— 
1:1, in presence of naphthalene; reaction time - 30 min 

In a 3-neck RB flask mounted over a magnetic stirring base 
were placed phenylmercuri c chloride (1.563 g? 0.005 mol) and 
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naphthalene (0.64 g; 0.005 mol) dissolved in 30 ml of dry THF. 

The reaction system was flushed with nitrogen and LAH (0.19 g; 
0.005 mol) contained in 30 ml of dry THF was added to the flask. 
Hydrogen gas (57 ml as at NTP) was evolved. On work up, GLC 
analysis by the calibration method and separation of the products 
by column chromatography, the products were found to be: benzene 
(23%); naphthalene (ca. 100%) , biphenyl ( 2%) , diphenylmercury 
(0.353 g; ca. 37%) and unreacted phenylmer curie chloride (0.438 g; 
ca. 28%) . 

8. Reactions of p-tolylmereuric chloride with LAH, at room 
temperature -under nitrogen atmosphere 

(a) Reaction of p-tolylmercuric chloride with LAH in molar 
ratio - 1: 1; reaction time - 30 min 

LAH (0.19 g; 0.005 mol) contained in dry THF (30 ml) was 
added to a solution of p-tolylmercuric chloride (1.633 g? 

0.005 mol) in 30 ml of dry THF kept at room temperature (30°C) 
under nitrogen atmosphere. Hydrogen gas (40 ml as at NTP, after 
accounting for the gas evolved in a control experiment under 
identical conditions) was evolved. Reaction was worked up after 
30 min by the addition of distilled water (50 ml) followed by 2% 
HCl (50 ml). This mixture was extracted with ether (5 x50 ml), 
after filtration through celite, and the ethereal extract washed 
with water, dried over anhydrous MgS0 4 and concentrated to a 
volume of 50 ml. GLC analysis of the reaction mixture by the 
calibration method yielded toluene (20%) and 4, 4 , -dimethylbiphenyl 
(2%) . The reaction mixture was charged over a silica-gel column 
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and eluted wi'th petroleum ether (b.p. 60-80° C) and benzene mixture 

(3:1, v/v) , when di-p-tolylmercury (0.392 g? ca. 41%); m.p. 235°C; 
55 

lit. m.p. 236° C was obtained. Further elution of the column 

with a mixture of petroleum ether (b.p. 60-80°C) and benzene in 

the ratio 1: 1 (v/v) yielded unreacted p-tolylmercuric chloride 

52 

(0.425 g; ca. 26%) m.p. 238°C; lit. m.p. 238-239°C. The 
compounds were identified by GLC, mixed melting point technique 
and comparison of their IR spectra with those obtained for the 
authentic samples. 

(b) Reaction of p-tolylmercuric chloride with LAH in molar ratio - 
2:1; reaction time -30 min 

To a solution of p-tolylmercuric chloride (1.633 gj 0.005 mol) 
in dry THF (30 ml), kept under nitrogen atmosphere was added LAH 
(0.1 g? 0.0025 mol) contained in 30 ml of dry THF. Hydrogen gas 
(35 ml as at NTP) was evolved. Reaction mixture was worked up 
after 30 minutes. GLC analysis and column chromatography as 
described for the reaction 8(a), gave toluene (16%), 4, 4'-di- 
methylbiphenyl (2%), di-p-tolylmercury (0.363 g? ca. 38%) and 
unreacted p-tolylmercuric chloride (0.506 g; ca. 31%) . 

(c) Reaction of p-tolylmercuric chloride with LAH in molar ratio - 
4:1; reaction time - 30 min 

Addition of LAH (0.05 g; 0.00125 mol) contained in dry THF 
(30 ml) to a solution of p-tolylmercuric chloride (1.633 g? 

0.005 mol) in dry THF (30 ml) under nitrogen atmosphere at room 
temperature liberated 21 ml (as at NTP) of hydrogen gas. On workup 
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of the reaction mixture and subsequent GLC analysis and separa- 
tion of the products by column chromatography, as detailed for 
the reaction 8(a), toluene (10%), 4, 4* -dimethyl diphenyl (2%), 
di-p-tolylmercury (0.315 g? ca. 33%) and unreacted p- to lylmer curie 
chloride (0.653 g; ca. 40%) were obtained. 

9. Reactions of p-ni trophen ylmer curie chloride with lithium 
aluminium hydride (LAH) at room temperature under nitrogen 
atmosphere 

(a) Reaction of p-ni trophenylmer curie chloride with LAH in molar 
ratio - 21 1? reaction time - 30 min 

LAH (0.1 g; 0.00 25 mol) contained in 30 ml of the dry THF 
was added to a solution of p-ni trophen ylmer curie chloride (1.788 g; 
0.005 mol) in dry THF (30 ml), under nitrogen atmosphere, when 
51 ml (as at NTP, after accounting for the gas evolved in a control 
experiment under identical conditions) of hydrogen gas was evolv- 
ed. Reaction mixture was worked up after 30 min by first adding 
distilled water and then 2% HCl. Ethereal extract of the reac- 
tion mixture was washed with water, dried over anhydrous MgS0 4 , 
filtered and concentrated to a volume of 50 ml. GLC analysis of 
this mixture using a 10% SE-30 on Crom-P (85-100 M) column of 
2 m length, by the calibration method yielded nitrobenzene (21%) 
and 4, 4' -dinitro biphenyl (3%). The reaction mixture was chromato- 
graphed on a si lie a- gel (100-200 M) column. Elution of the 
column with petroleum— ether (b.p. 60— 80°C) yielded traces of 
azobenzene and azoxybenzene. Further elution of the column with 
a mixture of petroleum- ether (b.p. 60-80°C) and benzene in the 




ratio 3:1 (v/v) yielded nitrobenzene (0.129 g? ca. 21%). Elution 
of the column with benzene yielded 4, 4 '-dinitro biphenyl (0.018 g; 
ca. 3%) . Further elution of the column with a mixture of chloro- 
form and ethyl acetate in the ratio 9: 1 (v/v) yielded the unreacted 

p-nitrophenylmercuric chloride (0.089 g; ca. 5%); m.p. 263°C; 
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lit. m.p. 265°C. Elution of the column with a mixture of 

chloroform and ethylacetate in the ratio 1: 1 (v/v) yielded 

5 5 

di-p-nitrophenylmercury (0.5 g; ca. 45%); m.p. 318°C; lit. 
m.p. 320°C. Elution of the column with ethylacetate yielded 
a colored pasty mass, which could not be analyzed. The compounds 
were characterized by the mixed melting point technique, GLC, 

TLC, and comparison of their IR spectra with those of the 
authentic samples. 

(b) Reaction of p-nitrophenylmercuric chloride with LAH in molar 
ratio - 4: 1; reaction time - 30 min 

To a solution of p-nitrophenylmercuric chloride (1.788 g; 
0.005 mol) in dry THF (30 ml) kept at room temperature under 
nitrogen atmosphere, was added LAH (0.05 g; 0.00125 mol) contain- 
ed in 30 ml of dry THF. Hydrogen gas (37 ml as at NTP) was 
evolved. Reaction mixture was worked up after 30 min in the 
usual manner. GLC analysis by the calibration method and column 
chromatography over activated silica-gel as detailed for the 
reaction 9(a), yielded nitrobenzene (10%), 4 , 4* -dinitrohi phenyl 
(3%), di-p-nitrophenylmercury (0.466 g; ca. 42%) and unreacted 
p-nitrophenylmercuric chloride (0.34 g; ca. 19%), besides traces 
of azobenzene and azoxybenzene. 
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10 . At temp ted control reaction of lithium aluminium hydride with 
cumene at room temperature under nitrogen atmosphere 

LAH (0.19 g; 0.005 mol) contained in 30 ml of THF was added 
to a solution of cumene (0.6 g; 0.005 mol) in 30 ml of THF kept 
at room temperature (30°C) under nitrogen atmosphere. No hydrogen 
gas was evolved. The reaction mixture was worked up after 30 min 
in the usual manner. On extraction and isolation/ unchanged 
starting hydrocarbon was recovered quantitatively. 

11. Attempted control reaction of LAH with naphthalene at room 
temperature under nitrogen atmosphere 

To a solution of naphthalene (0.64 g; 0.005 mol) in dry THF 
(30 ml) was added LAH (0.19 g; 0.005 mol) contained in 30 ml of 
dry THF under conditions identical to that employed for the 
reaction 7 (e) . No hydrogen gas was evolved. On working up the 
reaction mixture after 30 min. in the usual manner/ the unchanged 
starting hydrocarbon was recovered quantitatively. 

12. Reaction of dibenzylmercury with sodium naphthalene in equi- 
molar amounts at room temperature (30°C) under nitrogen 
atmosphere; reaction time - 30 min 

„ 3 

A solution of dibenzylmercury (1.91 g; 5 xlO mol) in 30 ml 
of dry THF was placed in a 3-neck 250 ml RB flask. The contents, 
of the flask were flushed with dry nitrogen for 30 min under 
magnetic stirring. Sodium naphthalene (5 xlO"*^ mol) contained 
in 30 ml of dry THF was added through a pressure equalizing dropp- 
ing funnel. The solution turned greenish-grey in color, due to 
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the precipitation of finely divided mercury. The reaction 
mixture was worked up in the usual manner, and qualitatively 
analyzed by GLC and TLC. The various products identified were 
toluene, bibenzyl and unreacted dibenzylmercury. 

13. Reaction of dibenzylmercury with an equimolar amount of 

lithium aluminium hydride, at room temperature (30°C) under 
nitrogen atmosphere; reaction time - 30 min 

In a 3-neck RB flask mounted over a magnetic stirring base, 
was placed a solution of dibenzylmercury (1.91 g; 5 xlO*" mol) in 
30 ml of dry TKF. The solution was purged with dry nitrogen gas 
and lithium aluminium hydride (0.19 g; 5 x 10*" mol) contained in 
dry THF (30 ml) was added through the dropping funnel. Hydrogen 
gas (5 3 ml as at NTP, after accounting for the gas evolved in a 
control experiment under identical reaction conditions) was 
evolved / with simultaneous precipitation of metallic mercury in 
a greenish- grey form. The reaction mixture on work up as usual 
was qualitatively analyzed by GLC and TLC. The products identi- 
fied were toluene, bibenzyl and a small amount of unreacted 
d iben zylmercury . 
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CHAPTER VI 


SUMMARY .AND CONCLUSION 


In this thesis, reactions of six different categories have 
been examined in some detail and new mechanistic interpretations 
offered in each case. Various categories of reactions are: 

(i) reactions of diaryliodonium cations with ambident 
2-nitropropanate anion, in methanol solvent at room temperature 
(30°C) under nitrogen atmosphere, 

(ii) radical nucleophilic substitution reaction of arene- 
diazonium cations with ambident nitrite anion, in methanol 
medium at 0° C under nitrogen atmosphere, 

(iii) reactions of arenediazonium cations with ambident 
2-nitropropanate anion in methanol solvent at 0°C under nitrogen 
atmosphere. 
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(iv) reactions of arenediazonium cations with benzylmagne- 
sium chloride and tert. butylmagnesium chloride in THF medium at 
room temperature (30°C) under nitrogen atmosphere. 

(v) sodium naphthalene induced reductive demercuration and 
symmetrization of organomercuric halides in THF medium at room 
temperature (30°C) under nitrogen atmosphere, and 

(vi) reduction of organomercuric halides with lithium 
aluminium hydride in THF solvent at room temperature (30°C) 
under nitrogen atmosphere. 

The reactions of diphenyliodonium bromide, phenyl-p-tolyl- 
iodonium bromide and phenyl-p-anisyliodonium bromide with 
lithium 2-nitropropan-2-ide yielded arylated nitroparaffins, 
monomeric hydrocarbons, dimeric products and formaldehyde in 
addition to iodoarenes. These reactions are catalyzed by light 
and inhibited in the presence of oxygen. In the presence of 
cc-methyl styrene, the formation of arylated nitroparaffins is 
enhanced while the yields of monomeric aromatic hydrocarbons, 
biaryls and formaldehyde are repressed. This fact lends 
credence to the formation in these reactions, of arylated nitro- 
paraffins on one hand and benzene, toluene, anisole, bi aryls and 
formaldehyde on the other, by two competing pathways. The possi- 
bilities of occurrence of an S^jAr process and the intervention 
of aryne intermediates, in these reactions have been eliminated. 
Simultaneous occurrence of free radical cage and chain mechanisms 
initiated by single electron transfer from the 2-nitropropanate 
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anion to the diaryliodonium cation has been proposed to satis- 
factorily account for the observed experimental facts. The 
formation of arylated nitroparaffins occurs via a cage collapse 
mechanism, whereas benzene, toluene and anisole are produced by 
a radical chain mechanism. Here, the chain is propagated by the 
transfer of an electron from the hydroxymethyl radical ‘CH^OH 
produced in the medium to the diaryliodonium cation. The 
departure aptitudes of p-methylphenyl and p-methoxyphenyl radicals 
from the diphenyliodine, formed in the solvent cage, are influ- 
enced by the presence of 2-nitropropyl radical in the cage. 

The reactions of benzenediazonium fluoroborate, p-nitro- 
benzenediazonium fluoroborate and p-methoxybenzenediazonium 
fluoroborate with sodium nitrite yielded protodediazoniated 
products and nitroarenes besides bi aryls, phenols and formalde- 
hyde. Although the arenediazonium fluoroborates being studied 
are stable under our reaction conditions, the addition of sodium 
nitrite results .in an instantaneous evolution of nitrogen gas. 

The reaction with p-nitrobenzenediazonium fluoroborate is faster 
and that with p-methoxybenzenediazonium fluoroborate slower 
compared to the reaction of benzenediazonium fluoroborate. These 

reactions are catalyzed by light as well as Cu(ll) ions and inhibit- 
ed by molecular oxygen. Intervention of radicals, in these reactions 

has been established and the possibility of formation of these 

intermediates via the thermolysis of covalent diazonitrites is 
ruled out. A free radical chain mechanism initiated by the 
transfer of an electron from the nitrite ion to the LUMO of 
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ar en edi azonium cation and proceeding via the formation of nitro- 
arene radical anion has been proposed to account for the observed 
facts. 

The reactions of benzenedi azonium fluoroborate, and 
p-methoxybenzenedi azonium fluoroborate with lithium 2-nitropro- 
pan-2-ide yielded benzeneazo- 2- (2-nitro) propane and p-methoxy- 
benzeneazo- 2- (2-nitro) propane, respectively. On the other hand, 
the reaction of p-nitrobenzenediazonium fluoroborate yields 
p-nitrobenzeneazo- 2- (2-nitro) propane as well as the dediazoni- 
ated products. Occurrence of dediazoniation via. an S^Ar pathway 
or by the decomposition of the covalent azocoupling product is 
considered unlikely. It has been demonstrated that though the 
covalent azo compounds are produced by the ionic coupling, 
dediazoniation occurs via parallel free radical chain mechanism. 

In the presence of Cu(l), even ben zen edi azonium fluoroborate and 
p-methoxybenzenedi azonium fluoroborate partly react with lithium 
2-nitropropan-2-ide by an electron transfer mechanism resulting 
in the formation of products accompanied by the evolution of 
nitrogen gas. This constitutes a new example of an entrainment 
process. 

The reactions of five aren edi azonium fluoroborates 

4* - _ # 

P-R-C 6 H 4 -N3nIBF 4 , namely ben zenedi azonium fluoroborate, p-mtro- 
benzenedi azonium fluoroborate, p-methoxybenzenedi azonium fluoro- 
borate, p-acetylben zenedi azonium fluoroborate and p-me thylben zene- 
di azonium fluoroborate with benzylmagnesium chloride as well as 
tert.butylmagnesium chloride, R'-MgCl, in equimolar ratios 
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yielded dedi azoni ated products viz. R-CgHj., p-R-CgH^-R’, R'-R*, 
R'-H and mixtures of isomeric bi aryls (excepting with benzene— 
diazonium cation, when diphenyl is the only biaryl formed) . 

These reactions are inhibited by the presence ofcc — methyl- 
styrene. Distinct ESR signals, absent in the pure reactants, 
were observed in the reaction of p-nitrobenzenediazonium fluoro- 
borate with benzylmagnesium chloride. These and other observa- 
tions have been rationalized in terms of the intermediacy of 
aryl and alkyl radicals, produced as a result of an electron 
transfer from the Grignard reagent R'-MgCl to the ■% -system of 
the arenediazonium cation in an initially formed JI -complex 
between the two reactants. It is found that only a minor 
component of the reaction may involve the formation of covalent 
azo compounds by an ionic pathway. It has been confirmed that 
the covalent azo compounds are not the precursors of radical 
i n termed! a t e s . 

The reactions of four organomercuric chlorides R-Hg-Cl viz. 
ben zylmer curi c chloride, phenylmer curie chloride, p-tolylmer- 
curic chloride, and p-ni trophenylmer curie chloride with sodium 
naphthalene gave diorganomercurials R2Hg, monomeric hydrocarbons 
R-H, dimeric products R-R and naphthalene in addition to 
metallic mercury. The conceivable formation of alkyl/aryl 
anions in the reactions with equimolar quantities of sodium 
naphthalene has been ruled out, since these species could not 
be trapped in separate control experiments. In the presence of 
cumene - a good hydrogen atom donor to radicals, reductive 
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demer cur ati on leading to product R— H, predominates over symmetri— 
zation. Nucleophilic displacement of cl” by naphthalene radical 
anion on the electrophilic mercury of R-Hg-Cl is considered 
unlikely/ in view of the observation that 9— fluorenyl anion, an 
equally good nucleophile vis a vis naphthalene radical anion, 
does not undergo such a substitution reaction. These reactions 
are retarded in the presence of added naphthalene from outside. 

As naphthalene radical anion is known to be an excellent electron 
donating species, a free radical mechanism initiated by a reversi- 
ble jc* — electron transfer from the naphthalene radical anion 
to the o rg an omer curie halide has been proposed, to rationalize 
all the observations recorded for these reactions. Most reason- 
able process leading to the radical induced symmetri zation of 
organomercuric chlorides, in the presence of an electron donor 
seems to be the reduction of an adduct j^HgCl '/ formed by the 
addition of radical R* to RHgCl. The observed increase in the 
yields of monomeric hydrocarbons R-H, in the reactions employing 
twice the molar amount of sodium naphthalene is in agreement with 
the proposed formation of alkyl or aryl anions from the corres- 
ponding radicals, in the presence of an excess of naphthalene 
radical anion. Initial results have indicated that a similar 
electron transfer free radical mechanism is operative in the 
reduction of di organ omer curials with naphthalene radical anion. 

Reduction of the same organomercuric chlorides R-Hg-Cl as 
mentioned above, with lithium aluminium hydride yields diorgano- 
mercurials, monomeric hydrocarbons R-H, dimeric products R-R'and 
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* 

anion A 1 H 3 , which in turn, transfers its extra electron to the 
or ganomer curie halide, in competition with A1H^~ . Mixed hydrides 
AIH 3 X , AIH 2 X 2 and AlHX^ when produced in the medium, serve the 
same purposes as inferior alternatives to AlH^ - , with the effi- 
ciency decreasing 'in the order: 

A1H 3 X“>A1H 2 X 2 "> aihx 3 " . 

Studies reported in this thesis have thus led to some new 
mechanisms involving electron transfer in the reactions of 
diaryliodonium and arenediazonium cations as well as organomer- 
curic halides with ambident anions, aromatic radical anions and 
metal hydrides. Besides their mechanistic significance, these 
electron transfer reactions may conceivably provide convenient, 
mild condition routes to otherwise cumbersome chemical trans- 


formations 
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